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Summary 


In  the  21st  century,  the  traditional  ways  of  manning  Navy  ships,  subma¬ 
rines,  and  squadrons  will  change.  Two  compelling  sets  of  forces  will  be 
at  work.  First,  technological  advances  and  budget  pressures  are  com¬ 
bining  to  produce  a  new  generation  of  platforms  and  systems  with  sig¬ 
nificantly  reduced  manning.  Second,  the  civilian  population  and  labor 
force  are  changing. 

Recognizing  that  these  forces  may  require  fundamental  changes  in  how 
the  Navy  recruits,  trains,  retains,  and  promotes  personnel,  the  Assistant 
Deputy  Chief  of  Naval  Operations,  Manpower  and  Personnel  (NIB) 
requested  that  CNA  examine  the  implications  of  technological  change 
for  Navy  manpower.  In  this  paper,  we  address  the  following  issues: 

•  What  changes  are  likely  to  occur  in  the  type  of  sailor  the  Navy 
needs  as  a  result  of  new  ship  and  aircraft  acquisitions? 

•  What  changes  are  likely  to  occur  in  the  civilian  population  and 
labor  force? 

•  Given  the  type  of  sailor  needed  and  the  changes  in  the  civilian 
sector,  what  changes  will  be  needed  in  personnel  policies,  such  as 
recruiting,  training,  retention,  promotion,  and  compensation? 

Changes  in  technology  and  skills 

21st  century  platforms 

Between  now  and  2020,  the  Navy  plans  to  introduce  new  platforms, 
equipment,  and  systems — some  with  profound  changes  in  technology 
and  manning.  We  surveyed  the  new  platforms  and  also  some  technol¬ 
ogy  initiatives  that  cut  across  platforms.  The  programs  we  examined 
include  Smart  Ship,  LPD  17,  DD  21,  CVN  77,  CVX  and  the  Joint  Strike 
Fighter.  Research  programs  and  technology  initiatives  we  examined 
include  the  Ship  Systems  Automation  (SSA)  study,  Multi-Modal  Watch 
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Station  (MMWS),  Integrated  Command  Environment  (ICE),  intelli¬ 
gent  automated  sensors,  agent-based  systems,  condition-based  mainte¬ 
nance,  and  advanced  embedded  training.  We  also  considered  the 
implications  of  acquisition  reform  for  future  manning. 

We  collected  information  through  interviews,  participation  in  working 
groups,  and  a  literature  review  that  included  material  from  internet 
sites.  We  talked  with  scientists,  human  factors  engineers,  manpower, 
personnel  and  training  (MPT)  experts,  and  Navy  officers  from  systems 
commands,  program  offices,  research  organizations,  Naval  Warfare 
Centers,  contractors,  resource  sponsors,  and  MPT  offices. 

Two  questions 

Two  general  questions  regarding  technological  advance  and  manning 
that  emerged  were  whether  skill  levels  would  rise  or  fall  and  the  extent 
to  which  warfighting  could  be  automated.  We  conclude: 

•  As  technology  gets  more  advanced,  the  workforce  tends  to 
become  more  skilled  rather  than  less  skilled.  In  part,  new  skill 
requirements  depend  on  the  quality  of  human-machine  inter¬ 
faces  (HMI) ,  which  in  turn  depends  on  today’s  R&D  efforts. 

•  Combat  situations  are  inherently  chaotic — their  complexity  and 
uncertainty  defy  automation  with  current  technology.  The  risk, 
then,  of  automating  routine  tasks  is  that  the  crew  may  be  cut  so 
deeply  that  there  won’t  be  enough  people  to  cover  complex 
combat  evolutions.  Alternatively,  enough  people  may  be 
retained,  but  they  will  lack  the  experience  gained  by  performing 
routine  tasks  during  peacetime.  Any  manning  reduction  initia¬ 
tives  for  warfighting  ships  must  address  this  problem. 

21st  century  crews 

The  effect  of  technology  on  manpower  requirements  will  differ  across 
platforms.  Nevertheless,  some  common  themes  emerge  across  the  new 
platforms,  systems,  and  acquisition  programs: 

•  Automation  of  routine  tasks  and  information  processing, 
including  more  collaboration  between  human  and  machine  in 
which  the  human  adds  context  and  makes  complex  decisions 


•  Reduction  of  maintenance  and  watchstanding  requirements 

•  Movement  of  workload  from  operational  units  to  the  shore 
because  of  new  information  technology 

•  Use  of  more  commercial  off-the-shelf  (COTS)  technology 

•  Change  in  makeup  of  future  crews  from  specialists  to  generalists. 

In  almost  all  areas,  including  combat  systems,  command  and  control, 
engineering,  maintenance,  material  handling,  and  hotel  functions, 
automation  will  have  progressed  to  the  point  where  humans  are  over¬ 
seeing  complex,  automated  systems — providing  context,  coaching,  and 
making  decisions. 

Given  these  trends,  we  see  a  growing  requirement  for  a  future  sailor 
who  is  a  skilled  technician.  The  Navy  will  still  need  unskilled  labor  to 
perform  tasks  that  can’t  be  automated,  and  it  will  still  need  supervisors 
and  military  leaders.  But  an  increasing  proportion  of  the  Navy’s  enlisted 
force  will  be  sailors  whose  job  descriptions  include  the  following: 

•  Apply  general  principles  in  technical  fields. 

•  Define  problems,  establish  facts,  and  make  decisions. 

•  Communicate  technical  problems  and  solutions. 

Changes  in  civilian  education  and  workforce 

At  the  same  time  that  technological  advances  are  changing  workforce 
requirements,  we  will  see  significant  changes  in  civilian  education  and 
labor  markets.  In  particular: 

•  The  youth  population  will  reverse  a  long-term  decline  and  begin 
to  grow,  as  will  the  number  of  high-school  graduates. 

•  Contrary  to  conventional  wisdom,  today’s  high  school  graduates 
are  as  intelligent  and  as  well  prepared  academically  as  were  stu¬ 
dents  of  the  past  and  students  in  other  countries: 

—  After  adjusting  for  larger  populations  taking  college  entrance 
exams,  there  is  no  evidence  of  declining  SAT  scores  over  time. 
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—  Standardized  tests  indicate  that  more  students  are  getting 
top-  to  middle-level  scores  in  science  and  math 
performance. 

—  High  school  students  are  taking  more  science  and  math 
courses  and  all  students  are  getting  more  exposure  to 
computers. 

•  More  high  school  graduates  will  go  on  to  postsecondary  school: 
in  1967, 50  percent  of  high-school  graduates  stopped  their  edu¬ 
cation  at  high  school;  by  1996,  only  33  percent  stopped. 

•  Substantial  numbers  of  students  are  graduating  from  less-than- 
4-year  civilian  institutions  in  technical  fields  that  are  relevant  to 
the  Navy’s  needs. 

•  Government  initiatives  should  further  improve  students’  prep¬ 
aration  to  join  an  increasingly  technical  workforce. 

•  Workers  with  more  technical  education  command  higher 
earnings. 

The  evidence  suggests  that  the  Navy  will  have  access  to  a  larger 
recruiting  pool  if  it  includes  1-  to  2-year  postsecondary  school  gradu¬ 
ates.  These  high  school  and  postsecondary  school  graduates  will  be 
increasingly  well  prepared  and  technically  literate.  On  the  other 
hand,  the  competition  for  highly  skilled  workers  will  be  stiff,  so  the 
Navy  should  expect  to  pay  more  for  these  recruits. 

Changes  in  workforce  policies 

Changes  in  technology  and  required  skills  along  with  simultaneous 
changes  in  civilian  labor  markets  imply  that  the  Navy  will  have  to 
make  fundamental  changes  in  the  way  it  manages  its  workforce.  We 
examined  how  Navy  workforce  management  policies  may  have  to 
change.  Our  findings  include: 

•  Manpower  requirements  will  no  longer  be  pyramids.  Automa¬ 
tion  of  routine  tasks  will  lower  junior  paygrade  requirements 
while  the  increasing  proportion  of  skilled  technicians  will 
require  more  middle  paygrade  requirements. 
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•  Allowing  skilled  technicians  to  have  full  careers  without  moving 
into  supervisory  ranks  will  require  changes  to  up-or-out  policies 
and  increases  in  pay  not  tied  to  increased  rank. 

•  More  recruits  will  come  from  postsecondary  institutions. 
Accomplishing  this  will  require  higher  compensation,  either 
through  lateral  entry  or  pay  increases  not  tied  to  rank. 

•  Future  sailors  will  increasingly  be  generalists,  rather  than  spe¬ 
cialists,  and  will  require  relatively  more  education  rather  than 
Navy-specific  training. 

•  Better  embedded  training  will  mean  that  more  training  can  be 
done  in  operational  units.  This  may  require  additional  training 
personnel. 

•  Because  operational  units  will  have  fewer  apprentice  level 
requirements,  the  Navy  must  develop  methods  to  supply  the 
knowledge  and  experience  formerly  acquired  during  appren¬ 
ticeship  tours. 

•  Average  manpower  costs  will  increase  because  the  Navy’s  work¬ 
force  includes  a  higher  proportion  of  skilled  technical  workers. 

•  A  skill-based  pay  system  may  be  needed  to  set  compensation 
levels  that  will  attract  and  retain  workers  with  high-paying  civil¬ 
ian  alternatives. 

•  Retirement  incentives  should  be  changed  to  retain  skilled  tech¬ 
nical  workers  during  their  most  productive  years. 

Conclusion  and  recommendations 

Technological  advance  will  most  likely  require  a  more  skilled  work¬ 
force.  Some  familiar  skills  will  be  less  needed  as  the  Navy  automates 
routine  tasks  and  information  processing,  as  maintenance  workloads 
and  watchstanding  requirements  decrease,  and  as  workload  moves 
from  operational  units  to  the  infrastructure.  New  skills  will  be 
required  as  automation  progresses  to  the  point  where  humans  are 
overseeing  complex,  automated  systems.  In  particular,  the  Navy  will 
need  sailors  who  understand  the  general  principles  in  their  area  of 
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expertise,  are  technically  literate,  and  have  strong  problem-solving, 
decision-making,  and  communication  skills. 

In  the  future  Navy,  manpower  requirements  will  no  longer  be  pyra¬ 
mids  but  will  have  reduced  junior  paygrade  requirements  and 
increased  middle  paygrade  requirements.  A  number  of  factors  point  to 
the  need  for  a  clearer  distinction  between  skill  and  rank;  in  particular, 
skill-based  pay  structures  may  be  required.  More  enlisted  recruits  will 
have  some  postsecondary  education  because  skill  requirements  will  be 
general  rather  than  Navy-specific,  more  COTS  technology  will  be  used, 
and  more  civilian  institutions  will  offer  relevant  programs  of  study. 
Training  will  change  to  include  more  embedded  training  and  methods 
to  provide  knowledge  formerly  acquired  during  apprenticeship  tours. 
Average  manpower  costs  will  increase  as  the  Navy’s  workforce  includes 
a  higher  proportion  of  skilled  technical  workers. 


In  the  21st  century,  two  compelling  sets  of  forces  will  be  operating  to 
change  traditional  ways  that  the  Navy  has  manned  its  ships,  submarines, 
and  squadrons.  First,  technological  advances  and  budget  pressures  are 
combining  to  produce  a  new  generation  of  platforms  and  systems  with 
significantly  reduced  manning.  Second,  the  civilian  population  and 
labor  force  are  changing  in  ways  that  will  alter  the  effectiveness  of  tra¬ 
ditional  methods  of  recruiting,  training,  compensating,  and  retaining 
sailors.1 

The  Assistant  Deputy  Chief  of  Naval  Operations,  Manpower  and  Per¬ 
sonnel  (NIB)  requested  that  CNA  examine  the  implications  of  techno¬ 
logical  change  for  Navy  manpower.  Specifically,  many  new  ships  and 
systems  will  be  introduced  in  the  next  20  to  30  years:  from  Smart  Ship 
to  LPD  17  and  SC  21  in  Surface  Warfare,  and  from  the  CVX  to  the 
Common  Support  Aircraft  (CSA)  and  Joint  Strike  Fighter  (JSF)  in  Avi¬ 
ation.  These  new  platforms  incorporate  advanced  technologies  that 
will  significantly  change  manpower  requirements.  Among  the  possible 
impacts  are  reduced  manning,  higher  skill  requirements,  rating  consol¬ 
idations,  and  moving  some  administrative,  support,  and  maintenance 
functions  to  shore  activities.  The  potential  changes  in  requirements  are 
so  broad  that  they  may  require  fundamental  changes  in  how  the  Navy 
recruits,  trains,  retains,  and  promotes  personnel. 

In  the  Optimal  Manning  study,  we  addressed  the  following  issues: 

•  What  changes  in  the  type  of  sailor  the  Navy  needs  are  most  likely 
to  occur  as  a  result  of  new  ships  and  aircraft  being  acquired  over 
the  next  20  to  30  years? 


1.  A  recent  CNA  paper  [1]  has  taken  a  broader  look  at  demographic  and 
technological  changes  as  well  as  changes  in  society,  ways  of  doing  business, 
and  military  concepts  and  missions.  Some  of  the  conclusions  reached 
regarding  how  manpower  and  personnel  policy  may  be  affected  are  simi¬ 
lar  to  those  reached  in  this  paper. 
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•  What  changes  in  the  civilian  population  and  labor  force  are  likely 
to  occur  that  will  affect  Navy  workforce  policies? 

•  Given  the  type  of  sailor  needed  and  the  changes  in  the  civilian 
sector,  what  changes  will  be  needed  in  personnel  policies,  such  as 
recruiting,  training,  retention,  promotion,  and  compensation? 

•  How  much  might  it  cost  to  set  compensation  so  that  the  Navy  can 
recruit  and  retain  the  future  sailor? 

In  this  paper,  we  examine  likely  future  trends  in  naval  technology  and 
in  civilian  labor  forces.  We  then  consider  how  the  combination  of  these 
two  forces  is  likely  to  affect  Navy  manpower  and  personnel  practices. 
This  paper  focuses  on  changes  in  career  structure,  recruiting,  and 
training.  We  also  discuss  tying  pay  to  skill  rather  than  rank.  A  compan¬ 
ion  paper  looks  more  closely  at  how  future  sailors  will  have  to  be 
compensated  [2]. 


Changes  in  technology  and  skills 

Our  first  task  was  to  learn  how  future  technologies  will  affect  Navy 
platforms  and  what  type  of  crew  will  be  needed  to  operate  the  future 
platforms.  There  is  considerable  uncertainty  about  this  issue  because 
many  of  the  systems  are  still  in  the  initial  design  phases.  Some  initial 
designs  even  depend  on  technology  that  doesn’tyet  exist,  so  the  fund¬ 
ing  and  success  of  research  and  development  (R&D)  programs  is  an 
issue.  Nevertheless,  given  the  extent  of  the  changes  that  may  be  nec¬ 
essary,  it’s  important  that  manpower  planners  have  as  much  advance 
notice  as  possible.  Therefore,  we  gathered  all  available  information 
about  what  platforms  and  technologies  will  be  in  the  future  Navy,  and 
what  kind  of  sailor  will  be  needed. 

We  collected  information  through  interviews,  attending  meetings  of 
teams  working  on  future  systems,  and  a  literature  review  that 
included  material  from  internet  sites.  We  talked  with  people  from  sys¬ 
tems  commands’  program  offices,  research  “think  tanks,”  Naval  War¬ 
fare  Centers,  contractors,  resource  sponsors,  and  manpower, 
personnel  and  training  (MPT)  offices.  The  range  of  people  we  talked 
to  included  scientists,  human  factors  engineers,  MPT  experts,  and 
Navy  officers. 

21st  century  Navy  platforms 

Between  now  and  2020  the  Navy  is  planning  to  introduce  new  plat¬ 
forms,  equipment,  and  systems,  some  with  profound  changes  in  tech¬ 
nology  and  manning.  Table  1  lists  some  of  the  major  new  platforms 
and  initiatives.  This  section  provides  a  summary  of  some  of  the  major 
acquisition  programs,  focusing  on  technological  changes  that  will 
affect  manpower  requirements. 
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Table  1 .  New  platforms 


Number  Delivery 

Community  Platform  of  ships  In  the  fleet  schedule 

Surface  Warfare 

Smart  Ship 
LPD  17 

_ DP  21 

Aviation 


CVN  77 

1 

2008 

CVX 

2013 

One  every  five 

years 

Smart  Squadron 

Ongoing 

F/A-18  E/F 

2001 

Existing  air¬ 
craft  replaced 

by  2008 

JSF 

2008 

Smart  Ship  Project 

The  Smart  Ship  Project  was  stimulated  by  the  report  of  the  Naval 
Research  Advisory  Committee  (NRAC)  panel  on  reduced  manning 
[3] .  The  report  concluded  that  culture  and  tradition,  rather  than  lack 
of  technology,  represented  the  major  obstacle  to  reduced  manning 
aboard  Navy  ships.  As  a  result,  the  Chief  of  Naval  Operations  (CNO) 
asked  the  Commander,  Naval  Surface  Force,  U.S.  Atlantic  Fleet 
(COMNAVSURFLANT)  to  undertake  a  demonstration  project  on  an 
operational  ship  to  find  ways  to  reduce  workload  and  manpower 
requirements  while  maintaining  readiness  and  safety.  USS  Yorktown 
(CG  48)  was  chosen  as  the  first  “Smart  Ship.” 

The  Smart  Ship  Project  did  find  some  effective  ways  to  reduce  man¬ 
ning.  Some  involved  adopting  existing  technologies,  whereas  others 
were  primarily  organizational  changes.  The  project  assessment  con¬ 
cluded  that  workload  reductions  could  be  achieved  in  three  areas: 

•  Policy  and  procedure.  The  core/flex,  or  “flex  to  action”  initiative 
reorganized  the  watch  bill  so  that  only  core  functions  are 
manned  24  hours  per  day.  Other  functions  are  manned  by  a 
flex  team  that  is  called  up  only  when  needed.  Routine 


Ongoing 

12  2002  One  per  year 

32  2008  Three  per  year 


maintenance  is  moved  to  the  day  shift,  and  maintenance  func¬ 
tions  are  moved  out  of  watchstation  manning. 

•  Technology.  Navigation,  machinery  control,  equipment  condi¬ 
tion  monitoring,  and  information  management  functions  were 
automated. 

•  Maintenance  methods.  Use  of  reliability-centered  maintenance 
methods  reduced  the  scheduled  preventive  maintenance  work¬ 
load  by  about  15  percent. 

All  the  initiatives  combined  to  reduce  the  weekly  workload  by  over 
9,000  hours,  or  about  30  percent.  Translated  into  manpower  require¬ 
ments,  the  reduction  was  44  enlisted  personnel  and  4  officers,  or 
about  a  12-percent  reduction  from  the  initial  manning  of  410. 

A  review  of  optimized  manning  case  studies  cited  Smart  Ship  as  an 
example  of  successful  reengineering  [4] .  One  element  that  was  men¬ 
tioned  as  contributing  to  the  manpower  reductions  was  improved  sit¬ 
uation  assessment  through  the  use  of  networked  PCs,  remote  sensors 
of  the  status  of  engineering  and  damage  control  components,  and 
the  HYDRA  wireless  hand-held  radio.  Other  important  features  of  the 
Smart  Ship  effort  were  an  iterative  approach  to  adopting  innovations 
that  emphasized  working  through  early  failures  and  the  increased 
size  of  the  training  department  to  support  the  innovations. 

The  Navy  has  begun  extending  the  Smart  Ship  program;  backfits  are 
being  planned  for  all  existing  CG  47  and  DDG  51  Aegis  ships  at  the 
rate  of  four  per  year.  In  addition,  the  new  ships  of  the  DDG  51  class 
will  be  delivered  with  Smart  Ship  improvements.  At  this  rate,  all  the 
Aegis  ships  should  have  Smart  Ship  manning  by  roughly  2010. 

In  other  communities,  some  of  the  innovations  have  been  applied  to 
USS  Rushmore — the  Smart  Gator.  Other  amphibious  and  Combat 
Logistics  Force  (CLF)  ships  may  be  included  as  the  program  expands 
and  additional  funding  is  made  available. 

Efforts  are  under  way  on  the  aviation  side,  through  the  Smart  Squad¬ 
ron  and  carrier  programs.2  CVN  73,  USS  George  Washington,  has  been 


2.  The  web  site  is  www.hq.navy.mil/airwarfare/ smart_squadron. 
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designated  as  the  first  Smart  Carrier.  In  addition,  the  final  carrier  of 
the  Nimitz  class  (CVN  77,  scheduled  for  commissioning  in  2008)  will 
incorporate  new  technologies  that  include  and  go  beyond  some  of 
the  Smart  Ship  initiatives  [5]. 


LPD17 


The  LPD  17,  Amphibious  Transport  Dock,  program  is  a  planned 
12-ship  procurement  that  will  replace  several  classes  of  aging  amphib¬ 
ious  ships  (including  the  LHA,  LPD  4,  LSD  36,  and  LST  1179).  It  is 
the  first  major  ship  design  program  initiated  under  the  revised  DoD 
acquisition  regulations.  The  lead  ship,  USS  San  Antonio,  is  scheduled 
to  be  delivered  by  the  Full  Service  Contractor,  Avondale  Industries,  in 
2002  (see  figure  1).  Current  designs  call  for  a  crew  of  382  and  capa¬ 
bility  to  carry  705  embarked  troops.3 


Figure  1 .  Design  sketch  of  LPD  1 7a 


a.  Source:  Internet  web  site,  Ipd17.nswc.navy.mil/lpd1 7. 


3.  General  information  on  the  LPD  17  is  available  at  www.avondale.com/ 
projects.htm  and  Ipdl7.nswc.navy.mil/lpdl7/index.html.  Information 

on  manning  was  drawn  from  the  “Design  for  Ownership,  LPD  17  Man¬ 
ning  Conference  II,  5-6  Feb  1998,  Final  Report,”  at 
Ipd  1 7  .nswc.navy.mil/ reladocs/mannconf/ manconfii.htm. 
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The  overall  philosophy  toward  reduced  manning  in  the  LPD  17  pro¬ 
gram  has  been  to  optimize  manning  in  a  way  that  will  “do  no  harm.” 
While  recognizing  the  need  for  reduced  life-cycle  costs,  the  program 
office  stressed  the  importance  of  full  operational  readiness  and  the 
need  to  validate  reductions  before  removing  manning.  Given  this,  the 
overall  manning  reduction  goal  for  the  LPD  17  is  20  percent.  The 
baseline  manning  estimate  established  during  the  Cost  and  Opera¬ 
tional  Effectiveness  Analysis  (COEA)  was  450.  This  had  been  reduced 
to  382  in  the  Preliminary  Ship  Manning  Document  (PSMD) ,  with  a 
further  goal  of  getting  to  360  for  the  20-percent  reduction. 

The  techniques  being  used  to  reduce  LPD  17  manning  include  some 
of  the  “work  smart,  not  hard”  techniques  of  the  Smart  Ship  Program, 
as  well  as  additional  innovations.  The  manning  reduction  initiatives 
include:  core/flex  watchstation  manning,  reliability-centered  mainte¬ 
nance,  advanced  communications  and  display  technologies,  and  data 
storage  and  management  innovations. 


DD  21 


The  DD  21  is  the  first  of  the  new  ship  classes  to  be  acquired  under  the 
Surface  Combatant  of  the  21st  Century  (SC  21)  program.4  Thirty-two 
ships  are  planned  for  the  DD  21  class,  with  the  lead  ship  to  be  deliv¬ 
ered  in  2008.  The  DD  21  program  has  an  explicit  goal  of  reducing 
ship  manning  to  95,  including  the  helicopter  detachment.5  This  is  a 
75-percent  reduction  from  the  440-person  crew  of  a  baseline  refer¬ 
ence  ship.  Figure  2  shows  one  conception  for  the  DD  21  hull  design. 


4.  Information  on  the  SC  21  and  DD  21  programs  was  obtained  through  inter¬ 
views  with  personnel  from  the  program  office,  resource  sponsor,  R&D  centers, 
contractors,  and  from  the  following  Internet  web  sites:  http:// 
sc21.crane.navy.mil/,  https://ganymede.dv.synetics.com/Projects/pms500/ 
MHSIPNB.nsf  and  http://www.manningaffordability.com/S&tweb/ 
index.htm. 

5.  A  Key  Performance  Parameter  (KPP)  of  the  acquisition  program  sets  a 
manning  objective  of  95  and  threshold  of  150  assigned  shipboard 
personnel. 
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Figure  2.  Possible  hull  design  for  DD  21 a 


a.  Source:  Internet  web  site,  http://sc21. crane.navy.mil,  fileatds.pdf. 


Human  Systems  Integration  (HSI) 

An  important  feature  of  the  DD  21  program  is  the  emphasis  on  HSI 
early  in  the  design  process  to  reduce  crew  size  without  affecting  capa¬ 
bility.  The  DD  21  program  office  in  the  Naval  Sea  Systems  Command 
(NAVSEA)  has  a  branch  devoted  to  Manning  and  Human  Systems 
Integration  (M/HSI) .  HSI  is  the  systems  engineering  discipline  that 
integrates  people  with  hardware,  software,  information,  the  environ¬ 
ment,  and  internal  and  external  organizations.  The  advantage  of  HSI 
is  that  systems  are  designed  from  the  beginning  to  take  human  capa¬ 
bilities  and  limitations  into  account,  as  well  as  the  best  human  and 
machine  allocation,  and  the  costs  of  automation  versus  labor  costs. 

One  technique  of  HSI  is  the  Top  Down  Functional  Analysis  (TDFA) 
[6, 7, 8] .  Crew  requirements  start  at  zero  under  TDFA.  The  process  to 
define  requirements  starts  with  operational  requirements  and  uses 
them  to  define  detailed  functions,  then  assigns  the  functions  to 
humans  or  automation.  In  addition,  human  systems  engineers  design 
human-machine  interfaces  that  are  as  efficient  as  possible  and  sys¬ 
tems  that  ensure  required  levels  of  shipboard  human  performance, 
workload,  reliability,  and  safety  can  be  sustained.  Another  advantage 
of  TDFA  is  that  functions  are  allocated  between  human  and  machine 
at  a  high  level  rather  than  with  ship  systems  defined  by  traditional 
acquisition  structures.  The  result  is  more  integration,  coordination, 
and  more  efficient  use  of  crew  across  narrow  functions. 


The  organizational  structure  that  NAVSEA  is  using  to  support  HSI  is 
the  M/HSI  Integrated  Product  Team  (IPT) .  IPTs  are  a  means  for 
industry  and  government  to  collaborate  in  the  design  process.  The 
M/HSI  IPT  has  four  working  groups:  Personnel,  Policy,  Training,  and 
Human  Systems.  The  Personnel  IPT’s  mission  is  to: 

•  Provide  guidance  and  assess  industry  proposals  for: 

—  Crew  deployment 

—  Crew  management 
—  Crew  composition  and  structure 

•  Anticipate  necessary  changes  to  personnel  system  and  infra¬ 
structure  and  facilitate  acceptance. 

Sources  of  reduced  manning 

Features  of  the  DD  21  that  are  intended  to  reduce  manning  include 

[9]: 

•  Automation 

•  Minimization  of  maintenance  and  administrative  functions 

•  Sensors  for  damage  control 

•  Embedded  training 

•  User-friendly  Human-Machine  Interfaces  (HMIs) 

•  Corrosion  minimizing  materials  and  preservatives. 

In  general,  the  approach  to  manning  the  DD  21  will  be  to  automate 
wherever  practical  without  sacrificing  capability,  using  the  most 
advanced  technology  available.  The  result  will  be  automation  of  many 
simple  skills,  with  a  probable  increase  in  the  average  skill  level  of  the 
remaining  sailors. 

Maintenance  will  be  reduced  by  several  means.  First,  improved  reli¬ 
ability  and  reduced  maintenance  will  be  engineered  into  all  systems 
and  components.  Advanced  materials,  coatings,  and  preservatives  will 
reduce  cleaning,  corrosion  control,  and  painting  requirements. 
Automation  will  replace  human  labor  whenever  possible.  Remote 
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sensors  will  take  the  place  of  maintenance  watchstanders.  Advanced 
sensors  used  for  condition-based  maintenance  will  be  able  to  predict 
imminent  failures  so  that  maintenance  is  done  only  when  absolutely 
necessary.  Some  maintenance  will  be  moved  ashore  through  the  use 
of  redundant  systems  or  swapping  out  subcomponents.  Finally,  new 
information  technology  will  be  exploited  so  that  experts  can  be 
located  ashore  and  consulted  when  needed. 

The  use  of  remote  sensors  and  “core/flex”  watchstanding  bills,  such 
as  those  demonstrated  in  the  Smart  Ship  program,  will  reduce  watch¬ 
standing.  The  cleaning  and  structural  maintenance  workload  will 
decrease  by  using  robotics,  automation,  and  better  materials,  paints, 
coatings,  and  tools. 

Damage  control  is  another  manpower-intensive  area  that  requires 
reductions  to  reach  the  95-person  crew.  Methods  to  reduce  damage 
control  manning  include  dividing  the  ship  into  compartments,  using 
remote  sensors  and  automated  damage  control  systems  (e.g.,  halon 
gas,  automated  dewatering),  engineering  in  improved  survivability, 
lighter  weight  hoses,  and  robotics  or  automated  strength  multipliers. 

In  the  administration  and  support  areas,  the  workload  associated  with 
routine  tasks  will  also  decrease  by  taking  advantage  of  interactive 
databases,  automated  tellers,  paperless  ship  technology,  “heat  and 
eat”  meals,  vending  machines,  automatic  dishwashers  and  laundry, 
and  hygienic  toilets. 

Another  important  element  of  reduced  manning  is  transferring  work 
to  the  shore  infrastructure.  Two  ways  to  achieve  this  transfer  are  by 
means  of  redundant  systems,  which  allow  delay  of  repairs  until  back 
in  port,  and  by  using  information  technology  to  link  ship  to  shore  (or 
other  ships)  and  relying  on  remote  experts. 

Features  of  technology 

Reaching  the  manning  goals  will  require  development  or  improve¬ 
ment  of  certain  key  technologies.  These  technologies  are  part  of  the 
military’s  current  R&D  program,  either  through  DARPA,  ONR, 
NAVSEA,  or  other  sponsors.  Later  in  this  paper,  we  examine  some  of 


the  technology  initiatives  that  affect  more  than  one  ship  class.  Pro¬ 
grams  that  should  have  the  largest  manpower  impacts  are: 

•  Advanced  computing:  single  open  architecture  so  that  any  con¬ 
sole  can  be  configured  to  perform  any  ship  function 

•  Multi-Modal  Watch  Station  (MMWS) 

•  Advanced  sensors,  both  for  condition-based  maintenance  and 
for  processing  sonar  and  other  signals 

•  Integrated  digital  communications:  one  network  to  carry  com¬ 
puter,  voice,  and  visual  data  with  a  reliable,  broadband  link  to 
other  ships  and  to  shore 

•  Embedded  training. 

With  these  technological  advances,  the  DD  21  will  be  an  integrated, 
interoperable  platform  whose  crew  is  made  up  of  operators  and  deci¬ 
sion  makers,  rather  than  data  integrators  and  maintenance  techni¬ 
cians.  The  total  ship  computing  architecture  will  take  advantage  of 
information  and  knowledge  technologies  so  that  it  is  capable  of  dis¬ 
seminating  information  to  widely  dispersed  and  dissimilar  units. 

The  old  model  for  information  processing  used  humans  to  receive, 
verify,  process,  correlate,  and  prioritize  data  and  to  determine  its  rel¬ 
evance  to  the  situation.  More  advanced  information  systems  will  inte¬ 
grate  and  filter  information,  resolve  ambiguities,  and  determine  the 
relevance.  Humans  will  oversee  this  process,  get  knowledge  rather 
than  data  from  the  machines,  and  use  it  to  make  decisions.  In  many 
areas,  the  crew  will  rely  on  intelligent  systems  and  agents  to  process 
sensory  data,  display  the  data  in  an  understandable  way,  recommend 
and  execute  actions,  autonomously  control  system  components,  and 
assess  workload  and  distribute  it  across  automated  and  human  agents. 

Because  tasks  normally  accomplished  by  less  experienced,  less  knowl¬ 
edgeable  crewmembers  are  targeted  to  be  automated,  the  remaining 
crew  may  be,  on  average,  either  quite  knowledgeable  or  quite  senior, 
or  both. 
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Is  a  crew  of  95  possible? 

Important  concerns  remain  regarding  the  ability  to  reduce  manning 
to  95.  In  particular,  manning  for  special  evolutions  and  for  crises  that 
include  multiple  engagements  could  be  a  problem.  Special  evolu¬ 
tions  that  may  have  high  manpower  demands  include  damage  con¬ 
trol,  replenishment,  helicopter  operations,  boarding  and  salvage  of 
other  ships,  and  small  boat  operations.  Of  special  concern  is  a  crisis 
situation,  such  as  hitting  a  mine,  that  would  stress  a  small  crew 
because  many  functions  would  have  to  be  performed  simultaneously. 

Another  major  reservation  regarding  the  95-person  crew  is  whether 
all  the  necessary  technological  innovations  will  be  available  in  time.  A 
previous  CNA  analysis  placed  the  technological  innovations  needed 
to  support  reduced  manning  into  three  risk  categories  [10]: 

•  Low.  Technology  exists  today  or  is  being  tested  in  the  Smart 
Ship  program  and  will  incur  minimal  to  no  R&D  or  implemen¬ 
tation  cost. 

•  Moderate.  Technology  may  be  available  but  has  not  been  vali¬ 
dated  or  may  incur  moderate  R&D  or  implementation  cost. 

•  High.  Technology  does  not  exist  or  will  involve  high  R&D  and 
implementation  costs. 

The  analysts  included  the  following  technologies  in  the  high-risk 
category: 

•  Artificial  intelligence  systems  interfaces 

•  Automated  correlation  and  deconfliction  of  track  identifica¬ 
tion  data 

•  Common  consoles 

•  Voice  recognition 

•  On-line  liquid  analysis 

•  Advanced  fire-retardant  bulkheads 

•  Automated  ship  control  for  underway  replenishment 


•  Mechanical  mobile  firefighting  station  for  helicopter  operations 

•  Corrective  maintenance  with  remote  support 

•  Self-cleaning  systems 

•  Predictive  human  performance  modeling  for  embedded  training 

•  Ship-to-shore  connectivity  needed  to  move  all  administrative 
functions  ashore. 

The  authors  concluded  that,  if  all  high-risk  technologies  are  imple¬ 
mented,  and  some  cultural  and  institutional  barriers  are  overcome,  a 
crew  of  99  (not  including  the  helicopter  detachment)  may  be  feasible. 
They  argue  that  a  more  realistic  appraisal  of  what  technologies  may  be 
operational  by  2008  would  require  a  170-person  crew  (again,  not 
including  the  helicopter  detachment) .  The  authors  also  state  that  cul¬ 
tural  issues  form  another  large  impediment  to  crew  reduction. 

The  Ship  Systems  Automation  (SSA)  study  also  looked  at  the  state  of 
the  art  in  reduced  manning  technology  and  what  remains  to  be  done 
[8] .  Although  the  authors  have  similar  opinions  regarding  the  largest 
remaining  challenges,  they  have  a  more  optimistic  assessment  of  the 
feasibility  of  a  95-person  crew.  They  consider  the  most  important  tech¬ 
nology  needs,  considering  both  the  need  for  additional  research  and 
the  payoff  in  reducing  manning,  to  be: 

•  Hands-off  communication 

•  Mechanical  assistance  for  operators 

•  Data  representation 

•  Intelligent  Systems  Interface 

•  Mobile  robotics 

•  Voice  recognition 

•  Cross-rate  training. 

DD  21  manpower  reductions  in  perspective 

Even  though  the  proposed  DD  21  manpower  reductions  are  dramatic, 
this  program  alone  won’t  have  a  major  impact  on  total  Navy  manpower 
requirements.  Figures  3  and  4  illustrate  this  by  examining  the  role  of 
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Figure  3.  Numbers  of  surface  combatants,  2000-2020 
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a.  Because  surface  combatants  would  make  up  only  40  percent  of  all  surface  ship  mai 
ning  in  2020,  if  DD  21  crews  were  1 0  to  1 5  percent  of  surface  combatant  manning 
they  would  be  only  4  to  5  percent  of  all  surface  ship  manning. 


DD  21  •within  the  surface  combatant  force — noting  that  surface  com¬ 
batants  account  for  less  than  half  of  surface  ship  manning.6  Figure  3 
shows  the  approximate  number  of  surface  combatants  planned  for 
2000  to  2020  by  type  of  ship.  In  2000,  there  will  be  20  ships  in  the 
DDG  51  class  and  27  in  the  CG  47  class,  for  a  total  of  57  Aegis  class 
surface  combatants.  The  remaining  51  ships  in  2000  are  from  older 
classes  of  cruisers,  destroyers,  and  frigates.  Between  2000  and  2010, 
the  number  of  Aegis  class  ships  increases  to  84,  replacing  some  of  the 
older  ships.  Starting  in  2008,  ships  of  the  DD  21  class  begin  to  arrive 
and  replace  more  of  the  older  ships.  Even  as  late  as  2015,  however, 
some  ships  from  these  older  classes  will  remain  in  the  Navy.  By  2020, 
the  DD  21  will  make  up  27  percent  of  the  surface  combatants,  with 
the  remainder  being  Aegis  destroyers  and  cruisers. 

Figure  4  translates  the  number  of  ships  in  figure  3  into  approximate 
manpower  requirements.  For  the  older  ships,  the  crew  size  per  ship  is 
assumed  to  remain  constant,  so  that  the  falling  crew  requirements 
reflect  ship  retirements.  For  the  Aegis  cruisers  and  destroyers,  we 
assume  that  Smart  Ship  changes  that  reduce  manning  by  15  percent 
phase  in  gradually  from  2000  to  2010.  Two  assumptions  are  made 
regarding  the  DD  21  manning — that  crew  size  reaches  the  goal  of  95 
or,  alternatively,  that  crew  size  remains  at  the  threshold  level  of  150. 

If  all  surface  ships,  rather  than  just  cruisers  and  destroyers,  are  taken 
into  account,  DD  21’s  share  in  manning  becomes  even  smaller.  Ana¬ 
lysts  in  N81  forecast  that,  by  2020,  about  40  percent  of  all  ship  billets 
will  be  on  cruisers  and  destroyers,  with  the  remaining  60  percent  on 
carriers,  amphibious  ships,  and  mine  warfare  ships.  If  DD  21  accounts 
for  10  to  15  percent  of  surface  combatant  manning,  it  accounts  for 
only  4  to  5  percent  of  total  surface  ship  manning.  DD  21’s  manning 


6.  Using  1997  requirements,  total  manning  for  all  surface  ships  was  about 
127,000,  of  which  27  percent  were  on  carriers,  29  percent  were  on  CLF 
ships,  19  percent  were  on  amphibious  ships,  and  25  percent  were  on 
cruisers,  destroyers,  and  frigates.  Based  on  forecasts  by  analysts  in  N81, 
by  2020  total  manning  for  surface  ships  will  be  73,000,  of  which  25,000 
(34  percent)  will  be  on  carriers,  16,000  (22  percent)  on  amphibious 
ships,  2,000  (3  percent)  on  mine  warfare  ships,  and  30,000  (41  percent) 
on  cruisers  and  destroyers.  By  this  time,  all  CLF  ships  will  have  been 
transferred  to  the  Military  Sealift  Command.  Of  the  30,000  billets  on 
cruisers  and  destroyers,  only  3,000  will  be  on  DD  21  ships  (assuming  a 
crew  size  of  95) . 
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share  also  depends  on  what  assumptions  are  made  about  manning 
reductions  on  other  ship  classes.  We  assumed  fairly  modest  manning 
reductions  of  around  15  percent  for  most  ship  classes,  which  is 
roughly  consistent  with  the  Smart  Ship  reductions.  If  more  aggressive 
manning  reduction  initiatives  were  pursued  on  other  ships,  DD  21 ’s 
share  of  total  ship  manning  would  increase. 

Future  carriers 

Innovations  in  carrier  manning  are  proceeding  along  two  paths:  pro¬ 
curement  of  the  tenth  and  final  Nimitz  class  carrier,  CVN  77;  and 
design  of  the  carrier  of  the  future,  CVX.7  CVN  77  is  scheduled  for 
commissioning  in  2008.  She  will  be  a  transition  ship,  retaining  the 
Nimitz  class  hull  and  propulsion  system,  but  including  new  technolo¬ 
gies  from  ongoing  R&D  programs  and  some  manning  reduction  ini¬ 
tiatives.  The  CVX  program,  with  the  first  ship  to  be  delivered  in  2013, 
will  include  more  substantial  changes. 

CVN  77 

CVN  77  will  include  design  features  and  organizational  changes  that 
are  expected  to  reduce  total  ownership  costs  by  as  much  as  15  per¬ 
cent.  These  features  may  also  be  backfitted  to  existing  CVNs  once  they 
are  tested  and  evaluated.  Some  of  the  innovations  being  considered 
that  have  substantial  manpower  impacts  include  the  following: 

•  Integrated  Information  System.  This  system  would  capitalize  on 
advances  in  commercial  industry  to  support  the  transfer  and 
integration  of  voice,  video  and  data  information  between  audio, 
video,  and  computer  systems. 

•  Multifunctional  embedded  antennas.  Reduction  of  the  number  of 
antenna  systems  should  reduce  maintenance  manpower 
requirements. 


7.  Material  in  this  section  is  drawn  from  interviews  with  personnel  in  Team 
CVX,  the  CVX  AOA,  and  N86  and  from  information  on  the  CVX  web 
site  atwww.navsea.navy.mil/cvx/pubcvx.html  and  articles  in  theJan-Feb 
1997  issue  of  Naval  Aviation,  available  at  www.history.navy.mil/nan/ 
1997/index.html. 


•  Alternative  energy  catapults.  Electromagnetic  or  liquid  propellant 
catapults  would  provide  increased  reliability  and  reduced  man¬ 
ning  requirements  compared  to  current  steam-driven  catapults. 

•  Advanced  systems  for  flight  operations  management.  This  family  of 
information  management  and  decision  aids  will  facilitate  mis¬ 
sion  planning,  aircraft  control,  and  aircraft/pilot  information 
upload  and  download.  These  systems  should  improve  opera¬ 
tions  and  result  in  a  significant  manning  reduction. 

cvx 

The  carrier  to  be  delivered  in  2013,  CVN  78,  is  considered  the  first 
CVX.  This  carrier  will  have  a  new  propulsion  plant,  a  big  jump  in 
information  technology,  and  innovations  in  material  handling.  CVN 
79,  due  in  2018,  will  be  the  first  completely  redesigned  carrier  includ¬ 
ing  a  new  hull. 

The  mission  statement  for  the  CVX  explains  that  “the  platform 
should  be  automated  to  a  sufficient  degree  to  realize  significant  man¬ 
power  reductions  in  engineering,  damage  control,  combat  systems, 
ship  support,  and  Condition  III  watchstanding  requirements.”8  A  par¬ 
ticular  point  of  emphasis  is  the  need  to  reduce  preventive  mainte¬ 
nance  requirements  by  using  self-analysis  features  as  well  as  materials 
and  preservatives  that  minimize  corrosion. 

The  goal  for  CVN  78  is  a  20-percent  reduction  in  total  ownership  cost 
and  a  20-  to  30-percent  reduction  in  manning.  The  percentage  man¬ 
ning  reduction  goal  is  comparable  to  the  LPD  17  and  considerably 
less  than  the  DD  21  goal  because  of  the  traditional,  evolutionary 
approach  used  by  CVN  78  and  LPD  17.  On  the  other  hand,  because 
of  the  large  absolute  size  of  the  carrier,  a  20-percent  reduction  trans¬ 
lates  into  about  500  fewer  people  in  the  ship’s  company,  so  the  poten¬ 
tial  impact  on  total  sea  manning  requirements  is  substantial. 
Furthermore,  there  is  some  discussion  of  whether  more  dramatic 
manning  reductions,  on  the  order  of  50  percent,  might  be  possible. 

The  following  manning  reductions  are  likely: 


8.  Source:  www.navsea.navy.mil/cvx/cvxmns.html. 
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•  Damage  control  manning  requirements — because  of  auto¬ 
mated  batde  damage  management  and  improved  electrical  dis¬ 
tribution  systems 

•  Command-and-control  manning  requirements — as  a  result  of 
advanced  information  technology,  displays  and  decision  aids,  as 
well  as  common  architecture 

•  Maintenance  workload — through  greater  reliability,  improved 
materials,  and  condition-assessment  technology  coupled  with 
condition-based  maintenance. 

Other  areas  in  which  manning  reductions  are  expected  include: 

•  Handling  of  aircraft  on  the  flight  deck 

•  Material  handling,  including  ammunition,  fuel,  and  food 
supplies 

•  Hotel  functions,  such  as  messing,  berthing,  and  laundry. 

The  changes  in  information  technology  and  command-and-control 
areas  are  similar  to  those  discussed  for  the  DD  21.  As  in  the  DD  21,  the 
new  technologies  allow  manning  to  be  reduced,  but  still  call  for  a  “per¬ 
son  in  the  loop  to  gather  and  process  information  and  to  react  to 
unexpected  circumstances”  [11]. 

Reduced  manning  for  material  handling  is  much  more  important  on 
a  carrier  or  logistics  ship  than  on  surface  combatants.  In  this  area,  sig¬ 
nificant  changes  are  expected  in  how  material  is  physically  moved 
around  in  the  ship  and  in  how  the  supply  system  is  administered.  As  a 
result,  the  existing  Storekeeper  (SK)  rating  with  its  emphasis  on 
administration,  paperwork,  and  physical  labor  will  be  replaced  by  sail¬ 
ors  who  maintain  automated  inventory  and  material  handling  systems. 

Innovations  are  also  being  pursued  in  the  hotel  functions,  which  are 
of  special  importance  on  large  ships  that  deploy.  The  future  carrier 
will  be  a  cashless  ship  with  an  automated  ships  store  or  vending 
machines.  Food  service  will  be  much  different,  although  the  exact 
changes  are  still  in  the  R&D  stages.  Perhaps  there  will  be  more  reli¬ 
ance  on  cruise-ship  techniques  in  which  meals  are  cooked  and  flash 
frozen  on  shore,  then  reheated  on  demand  at  sea.  Serving  meals  will 
also  be  different,  with  greater  dispersion  in  eating  times  and  more 


self-service.  Automation  and  manning  reductions  will  also  be  sought 
in  laundry,  dishwashing,  and  waste  disposal  functions. 

Different  platforms  have  different  emphasis 

Many  of  the  same  technological  advances  will  be  used  on  most  future 
platforms,  but  they  will  have  relatively  greater  or  smaller  impacts  on 
manning  depending  on  the  type  of  ship.  For  example: 

•  Automation  of  information  processing  will  affect  all  platforms, 
but  the  tactical  information  processing  will  be  especially  impor¬ 
tant  for  surface  combatants,  battle  groups,  and  tactical 
squadrons.  That  is,  because  of  a  higher  proportion  of  billets  on 
surface  combatants  in  command  and  control,  changes  in  this 
area  will  be  relatively  more  important. 

•  Automation  of  material  handling  will  be  especially  important 
for  carriers  and  CLF  ships  because  of  a  greater  proportion  of 
manpower  requirements  that  relate  to  this  function. 

•  Automation  of  hotel  functions  will  affect  all  ships,  but  it  will  be 
especially  important  for  carriers  and  other  large  ships  that 
deploy. 

Future  aircraft 

F/A-18  E/F 

The  F/A-18  E/F  is  scheduled  to  replace  the  primary  tactical  aircraft 
(F-14,  A-6,  and  older  F/A-18  series)  starting  in  2001.  All  F-14s  would 
be  replaced  by  2008.  The  Preliminary  Squadron  Manning  Document 
(PSQMD)  for  the  F/A-18  E/F  shows  small  overall  reductions  from 
previous  F/A-18  squadrons,  accompanied  by  a  slight  increase  in  the 
percentage  of  requirements  in  the  top  six  paygrades. 

The  F/ A-18  E/F  is  consistent  with  two  general  trends  in  future  avia¬ 
tion  manning: 

•  Continuation  of  past  trends  to  use  “swap-out”  design  that  moves 
organizational-level  maintenance  requirements  up  to  interme¬ 
diate  or  depot  level. 
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•  Use  of  common  airframes  and  systems  to  as  great  an  extent  as 
possible.  This  reduces  the  complexity  of  rating  and  Navy 
Enlisted  Classification  (NEC)  requirements. 

Joint  Strike  Fighter  (JSF) 

The  JSF  is  being  developed  for  the  U.S.  Air  Force,  Navy,  and  Marine 
Corps  and  the  United  Kingdom  Royal  Navy.9  The  JSF  will  replace  sev¬ 
eral  types  of  fighter  aircraft,  including  the  F-16  and  the  F/A-18  C/D. 
The  total  joint-service  acquisition  program  has  a  goal  of  delivering 
the  first  operational  aircraft  in  2008  with  a  total  of  3,000  aircraft 
planned.  The  U.S.  Navy  has  identified  a  requirement  for  300  strike 
fighters  to  complement  the  F/A-18  E/F.  Figure  5  shows  an  artist’s  rep¬ 
resentation  of  the  JSF  for  carrier  operations. 


Figure  5.  The  Joint  Strike  Fighter  (JSF)  on  a  carrier3 


a.  Source:  Internet  web  site,  httpv7www.jast.mil. 


9.  Information  on  the  JSF  was  taken  from  the  JSF  website  at  http:// 
www.jast.mil  and  from  an  industry  website  at  www.naval-technology/ 
projects/jsf/index.html. 


Although  many  design  issues  remain  unresolved,  some  general 
themes  in  how  manpower  requirements  will  change  are  consistent 
with  other  future  systems: 

•  Increased  reliability  and  advanced  condition-based  mainte¬ 
nance  systems  for  aircraft  and  weapon  systems  will  reduce  orga¬ 
nizational-level  support  requirements. 

•  Advanced  information  technology,  displays,  decision  aids,  and 
embedded  training  will  change  the  skills  needed  by  operators 
and  maintainers. 

Some  of  the  R&D  efforts  and  new  systems  needed  for  the  JSF  include: 

•  Virtual  reality  for  maintenance  training 

•  Interactive  Electronic  Technical  Manuals  and  maintenance 
information  databases  linked  to  personal  digital  assistants  for 
deployable  training 

•  Embedded  training  with  distributed  simulation 

•  Enhanced  sensors  and  prognostic/ diagnostic  software  (neural 
nets  or  intelligent  agents) . 

Common  Support  Aircraft  (CSA) 

The  CSA  program  is  in  the  very  early  stages  of  defining  the  Navy’s 
need  for  a  new  generation  of  support  aircraft.  Although  it  is  too  early 
to  say  much  about  the  manpower  needs  of  the  CSA,  it  is  conforming 
to  the  general  trend  of  reducing  the  number  of  airframes  by  develop¬ 
ing  one  airframe  for  all  Navy  support  aircraft.  Reduced  complexity 
should  allow  considerable  streamlining  of  manpower  requirements 
and  training  infrastructure. 

Questions  about  technology  and  manning 

Several  questions  commonly  arise  in  discussions  of  how  technological 
advances  will  affect  crew  requirements  for  ships  and  squadrons.  The 
first  is  whether  advances  will  result  in  a  higher  or  lower  skill  mix.  The 
second  involves  how  far  automation  should  be  pushed  for  ships 
whose  fundamental  mission  is  warfighting. 
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Will  skill  levels  rise  or  fall? 


Some  tasks  lend  themselves  to  automation,  while  others  do  not.  At 
the  lower  end  of  the  skill  spectrum,  there  are  some  physical  labor  jobs 
that  are  difficult  to  automate  because  of  the  nature  of  the  work.  One 
example  would  be  some  underway  replenishment  evolutions  where 
the  crew  has  to  react  to  changing  physical  conditions.  At  the  higher 
end  of  the  spectrum,  you  need  humans  involved  in  combat  informa¬ 
tion  processing  to  provide  context  and  to  make  decisions.  Some  deci¬ 
sion-making  shouldn’t  be  relinquished  to  automation,  such  as 
command,  interpreting  Rules  of  Engagement,  and  weapon  release. 

With  some  people  remaining  on  both  the  high  and  low  ends  of  the 
skill  spectrum,  it  may  not  be  immediately  obvious  whether  average 
skill  requirements  will  increase  or  decrease.  In  part,  remaining  skill 
requirements  depend  on  the  quality  of  the  human-machine  inter¬ 
faces  (HMI) .  Poorer  interfaces  may  require  very  sophisticated  users, 
while  the  best  interfaces  reduce  the  demands  on  the  operators.  The 
success  of  future  HMI  depends,  in  turn,  on  how  much  is  devoted  to 
R&D  today.  More  R&D  expenditure  today  could  reduce  skill  require¬ 
ments  tomorrow. 

There  has  been  a  considerable  amount  of  research  on  the  relation¬ 
ship  between  technological  advance  and  workforce  skill  levels.  The 
general  conclusion  reached  by  these  studies  is  that  as  technology  gets 
more  advanced  the  workforce  becomes  more  rather  than  less  skilled. 
Particular  findings  include  the  feet  that  wages  range  from  5  to  20  per¬ 
cent  higher  on  average  for  firms  using  advanced  technologies  [12, 13, 
14] .  Other  studies  find  an  increase  in  both  average  education  and  the 
proportion  of  high-skilled  occupations  within  firms  using  advanced 
technologies  [12, 15, 16, 17].  Reference  [12],  for  example,  finds  that, 
after  adopting  advanced  technology,  about  10  percent  more  workers 
had  postsecondary  schooling,  and  another  10  percent  more  were 
employed  in  higher  skilled  occupations.  However,  despite  the  overall 
findings  of  increased  skill  levels,  some  individual  occupations  have 
become  less  skilled,  including  some  clerical  and  manufacturing  jobs 
[15,18]. 

In  any  event,  trends  in  both  information  systems  and  maintenance 
indicate  that,  in  the  future,  operator/ decision-makers  will  replace 


specialized  maintenance  technicians.  Crewmembers  will  be  needed  to 
take  knowledge  that  the  machines  have  processed  and  turn  it  into 
decisions.  On  the  other  hand,  with  added  redundancy  and  reliability, 
there  may  be  less  need  for  the  crew  to  know  how  the  machines  work 
and  be  able  to  maintain  and  repair  them  while  deployed. 

Are  there  limits  to  automating  warfighting? 

In  general,  the  more  routine  a  task  is,  the  more  easily  it  can  be  auto¬ 
mated.  Unexpected  events,  on  the  other  hand,  require  adaptations 
that  are  difficult  to  automate.  This  is  the  paradox  of  applying  automa¬ 
tion  to  warfighting.  With  complex  problems  that  require  many  agents 
to  interact,  introducing  uncertainty  soon  increases  the  number  of  pos¬ 
sibilities  to  the  point  that  traditional  software  architectures  become 
too  cumbersome.  There  is  some  promise  that  adaptive,  intelligent 
agents  can  be  developed  to  the  point  that  complex,  uncertain  prob¬ 
lems  can  be  automated.  This  technology  is  far  from  mature,  however. 

The  problem  with  automating  warfighting  is  that  combat  situations 
are  inherently  chaotic — their  complexity  and  uncertainty  defies  auto¬ 
mation  with  current  technology.  In  this  case,  automating  the  routine 
tasks  that  can  be  automated  involves  a  risk.  There  are  two  possible  neg¬ 
ative  outcomes.  One  is  that,  with  the  routine  tasks  automated,  the 
crew  will  be  cut  to  the  point  that  there  will  not  be  enough  people  to 
cover  the  complex  evolutions  that  arise  during  combat.  The  second  is 
that  enough  people  will  be  retained,  but  they  will  have  poor  combat 
skills  because  they  lack  the  experience  gained  by  performing  routine 
tasks  during  peacetime. 

The  implications  of  reduced  manning  for  warfighting  capability  are 
potentially  serious.  Any  manning  reduction  efforts  on  warfighting 
ships  must  address  this  problem. 

21st  century  crews 

In  this  subsection,  we  will  synthesize  the  features  of  the  new  platforms 
discussed  at  the  beginning  of  this  section  to  discover  general  princi¬ 
ples  regarding  what  21st  century  crews  will  look  like.  First,  we  will  look 
at  some  general  issues,  such  as  the  implications  of  acquisition  reform 
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for  future  systems.  Also,  we’ll  examine  some  research  programs  and 
technology  initiatives  that  cut  across  platforms.  Then,  we’ll  identify 
common  themes  and  use  them  to  develop  a  resume  for  the  future 
sailor. 

Acquisition  reform 

Two  features  of  acquisition  reform  have  especially  important  implica¬ 
tions  for  design  and  manning: 

•  More  of  the  design  work  is  done  by  industry,  rather  than  having 
industry  work  from  detailed  specifications  provided  by  Navy 
engineers. 

•  One  contractor  or  integrator,  known  as  the  Full  Service  Con¬ 
tractor  (FSC),  is  responsible  for  all  aspects  of  design,  including 
component  systems,  logistics,  manning,  and  training, 

Under  the  new  acquisition  guidelines,  the  FSC  is  responsible  for 
designing  and  proposing  training,  maintenance,  and  manning  plans 
which  are  then  validated  and  approved  by  the  Navy.  The  buyer  and 
the  contractors  work  together  throughout  the  design  process  in  Inte¬ 
grated  Product  Teams  (IPTs).  This  differs  from  the  old  acquisition 
process  in  which  the  military  drew  up  detailed  design  specifications, 
including  logistic  and  support  plans.  The  idea  behind  this  change  is 
that  industry  will  have  more  leeway  to  adopt  innovations  that  reduce 
costs  while  maintaining  capability.  Likely  consequences  are  military 
systems,  work  organizations,  and  training  and  maintenance  plans  that 
are  closer  to  those  used  in  commercial  industry. 

In  particular,  future  systems  are  expected  to  rely  much  more  heavily 
on  commercial-off-the-shelf  (COTS)  equipment.  This  should  be  a 
direct  result  of  letting  industry  design  and  innovate  so  as  to  reduce 
costs.  With  more  COTS  technology,  the  skills  that  military  personnel 
need  will  be  more  similar  to  skills  of  civilian  personnel.  This  means 
that  the  military  may  be  able  to  make  increased  use  of  private-sector 
training  and  education.  It  also  means  that  the  military  will  be  in  more 
direct  competition  with  industry  for  its  workforce. 

Another  consequence  of  the  “industry  proposes,  Navy  approves” 
system  is  that  the  Navy  won’t  have  detailed  manpower  requirements 


until  later  in  the  acquisition  process.  Because  changes  to  Navy 
accession  and  training  plans  are  driven  by  changes  in  manpower 
requirements,  this  could  pose  a  problem  under  the  traditional  ways 
of  doing  business.  The  Navy  will,  therefore,  have  to  be  more  flexible 
in  anticipating  likely  future  changes  before  detailed  changes  to  man¬ 
power  requirements  are  in  place. 

Ship  of  the  future 

Ship  Systems  Automation  (SSA)  is  a  Defense  Advanced  Research 
Projects  Agency  (DARPA)  program  that  has  studied  both  submarine 
and  surface  ships  to  envision  a  fully  automated,  minimum-crew  plat¬ 
form.10  Reference  [8]  describes  a  Concept  of  Operations  (CONOPS) 
for  a  fully  automated  surface  combatant,  including  possible  crew  con¬ 
figurations  and  descriptions  of  necessary  technologies.  Figure  6 
shows  a  proposed  condition  I  watch  organization  from  the  SSA  oper¬ 
ational  manning  concept. 


Figure  6.  Conceptual  condition  I  watch  organization  for  SSA  ship 


Repair/Damage  Control  Teams 


10.  SSA  is  the  descendant  of  the  earlier  Autonomic  Ship  and  Submarine 
Operational  Automation  System  (SOAS)  DARPA  programs. 
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To  illustrate  the  manning  concepts  for  the  SSA,  consider  the  scene 
assessment  function.  Scene  assessment  is  done  by  the  SAO,  three  coor¬ 
dinators,  and  six  console  operators.  For  this  to  be  possible,  all  sensor 
processing  for  radar,  sonar,  and  visual  systems  must  be  done  automati¬ 
cally.  In  addition,  correlating  signals  across  sensors  and  drawing  con¬ 
clusions  regarding  the  combined  state  must  be  done  automatically. 
Because  some  signals  will  contain  spurious  information  and  ambigu¬ 
ities  that  can’t  be  resolved  by  the  system,  the  system  will  have  to  char¬ 
acterize  these  data  and  assist  the  operators  in  arriving  at  the  correct 
tactical  picture.  That  is,  the  system  must  be  able  to  identify  areas  where 
uncertainty  exists,  direct  the  operator’s  attention  to  them,  allow  the 
operator  to  understand  them,  and  then  accept  instructions  from  the 
operator.  Another  requirement  for  such  a  reduced  crew  would  be 
workload  sharing:  each  sensor  resource  would  be  generic  and  able  to 
switch  from  one  warfare  area  to  another  as  the  workload  changes.  Sim¬ 
ilar  automated  information  processing  and  decision  aid  systems  will 
assist  the  Tactical  Planning  Officer  (TPO),  the  Execution  Officer 
(EXO),  and  their  staffs. 

Another  example  of  how  the  SSA  project  envisions  the  ship  of  the 
future  is  given  in  the  engineering  section.  The  Engineering  Control 
Operator  will  have  highly  automated  propulsion,  steering,  and  auxil¬ 
iary  systems.  All  equipment  will  have  automated  startup,  shutdown, 
and  reconfiguration  that  can  be  controlled  remotely.  All  major  valves 
and  equipment  will  be  configured  for  remote  control  and  will  include 
reasoning  systems  to  evaluate  system  health  and  status,  evaluate  poten¬ 
tial  operating  modes,  and  automatically  control  subsystems.  Machin¬ 
ery  and  systems  will  be  monitored  by  remote  sensors  to  assess  their 
condition  and  readiness.  In  case  of  failure,  the  advanced  reasoning  sys¬ 
tems  will  be  able  to  evaluate  alternative  lineups  and  recommend  opti¬ 
mal  configurations  to  the  operator. 

The  SSA  that  results  from  the  TDFA  has  the  following  features: 

Intelligent  systems  interfaces,  including  graphical  displays  that 
are  multifunctional  and  multitasking 

•  A  high  level  of  automation  in  communications,  ship  control, 
ships  log,  lookout,  and  engineering 


•  Generic  sensor  resources  and  universally  adaptable  consoles 

•  Advanced  information  processing  (i.e.,  reasoning  systems  that 
process  data  into  knowledge) 

•  Embedded,  distributed  sensors  to  monitor  equipment  and 
system  performance 

•  Dependability,  redundancy,  automatic  reconfiguration,  and 
graceful  degradation 

•  Increased  generalization  of  human  skills 

•  Remote  expert  assistance. 

Optimized  manning  lessons  learned 

In  another  study,  analysts  looked  at  successful  and  unsuccessful  opti¬ 
mized  manning  initiatives  in  a  variety  of  military  and  civilian  contexts 
[4] .  They  examined  20  case  studies  that  included  the  Smart  Ship  pro¬ 
gram,  the  British  Royal  Navy,  General  Motors,  and  examples  in  the 
nuclear  power,  petrochemical,  and  health  care  industries.  They  com¬ 
piled  the  following  lessons  learned: 

•  Smaller  workforces  have  less  time  for  on-thejob  training  and  so 
must  find  other  ways  to  train. 

•  Risks  of  reduced  work  forces  are  highest  when  there  are  multiple 
modes  of  operation  because  there  are  fewer  people  to  handle 
unusual  situations.  Multiple  scenarios  and  all  possible  conditions 
should  be  considered  in  determining  optimal  manning. 

•  Areas  that  best  support  staffing  reductions  include: 

—  Tools  to  build  and  maintain  situation  awareness,  that  is, 
better  tools  for  maintaining,  updating,  and  communicating 
the  big  picture 

—  Technology  for  using  remote  specialists  (e.g.,  telemedicine) 

—  Central  monitoring  systems  so  that  fewer,  centralized  humans 
can  monitor  a  larger  area. 

•  Reduced  manning  often  requires  cross-training,  or  personnel 
with  more  generalized  skills. 
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Technology  initiatives 

To  meet  the  reduced  manning  goals  for  future  Navy  platforms,  signif¬ 
icant  progress  must  be  made  in  several  technology  areas.  To  this  end, 
a  number  of  DOD  organizations  are  funding  various  technology  ini¬ 
tiatives.  This  subsection  summarizes  some  of  the  initiatives  that  have 
especially  significant  implications  for  future  manning. 

Automating  situational  awareness  and  tactical  information  process¬ 
ing  requires  good  sensors;  software  that  transforms  the  raw,  sensory 
data  into  knowledge;  and  software  and  displays  that  communicate  the 
knowledge  effectively  to  human  operators  and  decision-makers.  One 
broad  area  of  research  covers  all  these  elements  of  automated  infor¬ 
mation  processing.  Within  this  are  a  few  notable  projects. 

Multi-Modal  Watch  Station  (MMWS) 

ONR  has  established  the  SC-21  Manning  Affordability  Initiative,  a 
research  team  that  integrates  the  efforts  of  ONR  and  the  SC-21  pro¬ 
gram  [19].  The  team’s  agenda  includes  research  on  the  MMWS,  an 
advanced  workstation  that  seeks  to  reduce  manning  requirements  by 
using  advanced  displays  and  embedded  intelligence.  An  MMWS 
includes  visual  and  auditory  displays,  controls,  firmware,  multi-modal 
(e.g.  audio,  visual,  sensory)  human-computer  interface  (HCI)  soft¬ 
ware,  decision  aids,  information  management  tools,  and  a  work  space 
(see  figure  7).  Desirable  features  that  may  be  designed  into  the 
MMWS  are  three-dimensional  audio,  hands-free  input,  voice  recogni¬ 
tion,  and  lightweight  wearable  displays. 

One  element  of  an  MMWS  may  be  dynamic  function  allocation 
(DFA)  [20] .  In  a  complex  automated  environment,  it  may  be  best  to 
redistribute  tasks  among  human  and  automated  components  in  dif¬ 
ferent  ways  at  different  times  depending  on  workloads,  capabilities, 
fatigue,  failure,  or  other  factors.  One  area  of  research  is  how  human 
(or  automated)  agents  can  make  the  best  decisions  about  DFA  in  an 
operational  setting. 

To  design  a  good  MMWS,  human  systems  engineers  need  to  under¬ 
stand  how  human  cognitive  processing  works.  Human  cognition 
models  are  not  mature,  and  development  will  require  more  R&D 


money  [21].  Further,  the  best  MMWS  would  include  models  of  dis¬ 
tributed  and  team  information  processing,  which  are  a  high-risk  R&D 
element. 


Figure  7.  MMWS  concept3 


a.  Source:  Internet  web  site,  http://sc21.crane.navy.mil,  file  atds.pdf. 


The  MMWS  would  integrate  control  of  multiple  systems  through  one 
console.  For  example,  one  console  would  combine  the  Tomahawk 
Launch  Controller,  Engagement  Planner,  and  Harpoon  Operator, 
which  are  currently  three  consoles  and  three  software  packages.  With 
an  MMWS,  the  future  surface  warrior  would  sit  in  a  single  watchsta- 
tion  and  oversee  mission  planning,  execution,  monitoring,  and 
engagement  of  a  family  of  weapons  using  multiple  sensor  systems. 

Advanced  information  management  would  direct  users  to  important 
information  at  the  right  time,  monitor  what  the  user  is  doing  and 
adapt  the  information  displays  accordingly,  and  provide  intelligent 
task  aids.  Performance  monitoring  capabilities  would  include  mea¬ 
suring  eye  movements,  keystrokes,  and  speech  communications. 
These  could  then  be  compared  to  an  expert  model  to  identify  where 
a  trainee  made  mistakes.  In  nonoperational  modes,  training  scenar¬ 
ios  could  be  loaded,  making  the  MMWS  a  training  platform  [22]. 


35 


Integrated  Command  Environment  (ICE) 

On  the  ship  of  the  future,  the  MMWSs  would  sit  in  an  ICE.  The  ICE 
is  envisioned  as  being  radically  different  from  today’s  Combat  Infor¬ 
mation  Center  (CIC) .  The  main  difference  is  that  it  would  include  all 
areas  of  command,  control,  and  communications.  Each  watchstation 
would  be  multifunctional  and  all  ship  data  would  be  part  of  an  inte¬ 
grated  computer  system.  Figure  8  shows  one  of  many  possibilities  for 
the  design  of  an  ICE. 

An  ICE  must  have  a  computer  architecture  that  reduces  both  delay 
and  uncertainty  to  facilitate  intelligent  decision-making.  Data  from 
different  sensor  systems  should  be  integrated,  processed,  and  com¬ 
municated  through  a  human-machine  interface  (HMI)  so  that  the 
decision-maker  can  operate  effectively  in  a  minimally  manned  com¬ 
mand  center.  Many  of  the  features  of  the  ICE  also  appear  in  DARPA’s 
Command  Post  of  the  Future  [23]. 


Figure  8.  One  possible  ICE  design3 


a.  Source:  Internet  web  site,  http://sc21  .crane.navy.mil/,  file  ice.ppt. 


Reference  [21]  describes  the  workforce  in  the  ICE  as  follows: 


Operators  will  be  provided  with  multiple  candidate  solu¬ 
tions  (via  automated  decision  aids)  from  which  to  choose  a 
response  to  a  problem.  In  the  absence  of  information, 
uncertainty  measures  and  multi-hypothesis  reasoning  tech¬ 
niques  will  provide  the  operator  with  alternative  interpreta¬ 
tions  of  the  tactical  domain,  with  each  alternative 
characterized  by  measures  of  likelihood.  Conversely,  in  a 
data-rich  environment,  automation  will  provide  the  user 
with  a  means  to  sort  out  and  interpret  information  that 
might  otherwise  be  overwhelming. 

Intelligent  sensors/adaptive  agents 

One  way  to  imagine  intelligent  sensors  is  to  envision  a  mobile  agent 
walking  around  a  ship’s  engineering  spaces.  This  agent  uses  its  sen¬ 
sors  to  gather  data,  then  processes  the  data  to  arrive  at  a  “belief’ 
about  the  space’s  condition.  It  may  then  translate  this  belief  into  a 
desire  to  have  further  information,  or  an  intent  to  take  some  correc¬ 
tive  action. 

Intelligent  sensors  can  be  contrasted  to  a  traditional,  close-ended 
architecture  in  which  the  information  to  be  gathered  is  precisely 
defined  and  reported  in  prespecified  ways  [24] .  A  system  based  on 
intelligent  sensors  and  adaptive  agents  could  provide  the  following 
advantages: 

•  Real-time  decision  support 

•  Performance  monitoring  and  assessment  of  human  operators, 
to  be  used  for  training  or  for  dynamic  function  reallocation 

•  Automated  associates  or  digital  assistants  that  would  perform 
tasks  and  interact  with  human  operators  in  an  intelligent  and 
cooperative  manner 

•  Embedded  intelligent  training 

•  Cooperation  and  collaboration  support  (i.e.,  checking  that  all 
work  gets  done  and  that  there  are  no  redundant  efforts) 

•  Knowledge  management  and  transfer. 
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Control  of  Agent-Based  Systems  (COABS) 

Automated  collecting  and  processing  of  information  can  be  accom¬ 
plished  in  two  ways.  In  the  first,  referred  to  as  finite  state  models  or 
object-oriented  processing,  programmers  try  to  identify  and  model 
all  possible  interactions.  In  complex  situations  with  many  agents  and 
uncertain  environments,  the  number  of  possible  interactions  can 
become  so  large  that  finite  state  models  aren’t  possible.  The  second, 
newer,  type  of  information  processing  uses  computers  that  can  learn 
and  rewrite  their  own  code;  this  is  referred  to  as  intelligent  agent  or 
adaptive  agent  technology. 

With  adaptive  agents,  the  human  operators  become,  in  effect, 
coaches.  The  crew  must  constantly  monitor  the  software’s  develop¬ 
ment,  correcting  mistakes  and  controlling  its  actions.  The  DARPA 
COABS  program  is  researching  the  feasibility  of  using  adaptive  agents 
in  military  applications  and  designing  effective  control  strategies  for 
agent-based  systems. 

Accelerated  Capabilities  Initiative 

This  ONR  project  focuses  on  Condition-Based  Maintenance  (CBM) 
and  advanced  embedded  training.  The  CBM  program  involves  oil 
analysis,  machinery  diagnostics  and  prognostics,  and  corrosion  pre¬ 
vention  or  protection  [10]. 

The  Advanced  Embedded  Training  Advanced  Technology  Demon¬ 
stration  (AID)  is  investigating  ways  of  using  human  information  man¬ 
agement  and  advanced  training  technology  to  deliver  training  as  part 
of  a  system.  In  tactical  systems,  this  would  involve  switching  to  a  non- 
operational  mode  and  running  training  scenarios  while  intelligent 
agents  evaluate  responses  in  real  time  and  provide  feedback.  The  best 
embedded  trainers  could  even  generate  training  plans  and  scenarios 
that  address  the  operators’  weak  points. 

Common  themes 

Across  all  the  new  platforms,  systems,  and  acquisition  programs,  some 
common  themes  emerge: 


•  Routine  tasks  and  as  much  information  processing  as  possible 
will  be  automated.  Requirements  for  human  labor  will  diminish 
and  will  involve  more  collaboration  between  human  and 
machine  where  the  human  adds  context  to  information  process¬ 
ing  and  makes  complex  decisions. 

•  Maintenance  requirements  in  operational  units  will  abate 
through  increased  reliability,  remote  sensors,  condition-based 
maintenance,  automation,  interactive  technical  manuals,  and 
access  to  remote  experts. 

•  Watchstanding  requirements  will  decrease  through  technology 
and  organizational  changes. 

•  New  information  technology  and  other  methods  of  accomplish¬ 
ing  tasks  remotely  will  result  in  workload  moving  from  opera¬ 
tional  units  to  the  shore. 

•  Cost  considerations  and  new  acquisition  policies  will  increase 
the  use  of  COTS  technology. 

•  Increased  commonality  of  systems  will  reduce  the  complexity  of 
manpower  requirements  and  support  the  development  of  gen¬ 
eralists  rather  than  specialists.  The  outcomes  may  include  a 
reduction  in  NECs,  combining  various  maintenance  ratings, 
combining  various  operator  ratings,  or  even  combining  mainte¬ 
nance  and  operator  ratings. 

Future  sailor's  resume 

In  summary,  future  Navy  platforms  will  have  lower  requirements  for 
routine  labor  because  there  will  be  fewer  maintenance  and  watch¬ 
standing  tasks,  less  need  for  general,  unskilled  labor,  and  less  need  for 
detailed  knowledge  of  specific  systems.11  On  the  other  hand,  there  will 
be  greater  needs  for  people  with  broad  knowledge  of  their  areas  of 
expertise  and  strong  problem-solving,  decision-making,  and  commu¬ 
nications  skills. 


1 1 .  This  assumes  that  adequate  investment  is  made  in  using  human-centered 
design  in  future  Navy  platforms. 
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In  almost  all  areas — including  combat  systems,  command  and  con¬ 
trol,  engineering,  maintenance,  material  handling,  and  hotel  func¬ 
tions — automation  will  have  progressed  to  the  point  where  humans 
are  overseeing  complex,  automated  systems,  providing  context, 
coaching,  and  making  decisions.  This  job  will  require  someone  who 
knows  the  general  principles  of  his  or  her  field,  such  as  electrical  or 
mechanical  engineering,  acoustics,  or  information  technology.  This 
crewmember  will  be  a  decision-maker  rather  than  a  maintenance 
technician.  More  occupations  will  have  direct  civilian  counterparts. 

There  will  still  be  some  need  for  unskilled  labor  to  perform  tasks  that 
can’t  be  automated.  The  need  for  supervisors  and  military  leaders  will 
still  exist,  although  the  need  for  people  who  supervise  large  crews  of 
unskilled  or  semiskilled  laborers  will  diminish.  An  increasing  propor¬ 
tion  of  the  crew,  however,  will  be  what  we  can  think  of  as  skilled  tech¬ 
nical  workers.  This  type  of  future  sailor  will  need  to  be  able  to  think 
critically  and  reach  general  conclusions.  They  will  spend  much  of 
their  time  collaborating  with  machines:  monitoring,  verifying,  validat¬ 
es’  and  correcting  the  automated  systems.  They  will  have  to  be  tech¬ 
nically  literate  so  that  they  can  read  diagrams  and  displays.  They  will 
also  have  to  have  good  communication  skills  to  interact  both  with 
other  crew  members  and  with  the  sophisticated  human-machine 
interfaces. 


Elements  of  the  future  enlisted  sailor’s  resume,  then,  would  include 
the  following: 

•  Apply  general  principles  in  technical  fields 

•  Define  problems,  establish  facts,  and  make  decisions 

•  Communicate  technical  problems  and  solutions. 


Changes  in  civilian  education  and  workforce 

The  previous  section  examined  how  technological  advances  and  bud¬ 
getary  pressures  may  change  the  manpower  requirements  of  ships, 
submarines  and  squadrons.  Significant  changes  in  civilian  education 
and  labor  markets  will  be  occurring  at  the  same  time.  This  section 
examines  trends  in  the  civilian  sector  that  could  have  important  con¬ 
sequences  for  how  the  Navy  recruits,  trains,  compensates,  and  retains 
sailors  in  the  21st  century. 

Overall  youth  population 

Because  the  Navy  recruits  young  people  and  promotes  them  from 
within,  the  size  of  the  youth  population  is  an  important  determinant 
of  the  recruiting  climate.  Figure  9  shows  the  population  of  18-  to 
24-year-olds  historically  back  to  1985  and  projected  out  to  2050. 


Figure  9.  Population  of  1 8-  to  24-year-oldsa 


a.  Data  for  1985  to  2008  are  from  [25]  and  for  2020  to  2050  are  from  [26]. 
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The  population  in  the  18-24  age  group  has  been  steadily  declining 
from  its  peak  in  the  early  1980s  of  30  million.  The  lowest  point  was 
reached  between  1995  and  1998,  with  a  population  of  about  25  million. 
Much  of  the  recent  history  of  recruiting,  then,  has  occurred  in  an  envi¬ 
ronment  of  declining  youth  population  and  a  strong  civilian  economy. 
Even  long-term  trends,  however,  are  subject  to  reversal.  As  the  children 
of  baby-boomers  begin  to  graduate  from  high  school,  and  as  immigra¬ 
tion  increases  the  youth  population,  the  18-24  population  will  begin  to 
grow  once  more,  reaching  30  million  by  2010  and  36  million  by  2050. 

One  factor  that  contributes  to  the  increasing  youth  population  is  immi¬ 
gration.  If  immigration  law  does  not  change,  one  projection  is  that 
immigration  will  cause  the  U.S.  population  to  grow  by  70  million 
between  1990  and  2040 — 25  million  immigrants  and  their  45  million 
children.  This  would  mean  that  immigration  would  account  for  almost 
two-thirds  of  net  population  growth  [27] . 

One  implication  of  immigration  trends  is  that  the  Navy’s  efforts  to 
attract  and  retain  a  diverse  workforce  will  continue  to  be  important. 
While  white  non-Hispanics  will  continue  to  be  the  majority  population, 
the  size  of  that  majority  has  been  decreasing  and  will  continue  to 
decrease.  In  the  1980s,  the  share  of  white  non-Hispanics  in  the  total 
American  population  fell  from  80  to  76  percent.  Figure  10  shows  that, 
using  moderate  immigration  projections,  the  Census  Bureau  predicts 
that  white  non-Hispanics  will  fall  to  64  percent  of  the  population  by 
2020  [26]. 12  Between  1990  and  2020,  the  share  of  black  non-Hispanics 


12.  The  Census  Bureau  projections  are  built  from  the  1990  Census  using  fer¬ 
tility  rates,  life-expectancy  rates,  and  immigration  rates  that  vary  by  age, 
sex,  race,  and  ethnicity.  The  variable  that  introduces  the  most  uncertainty 
into  the  projections  is  immigration.  Different  projections  are  made  for 
low,  middle,  and  high  forecasts  of  net  immigration.  We  use  the  middle 
series,  which  assumes  net  immigration  of  820,000  per  year  based  on  the 
1990  immigration  law  changes  and  current  knowledge  of  emigration  and 
undocumented  migration.  The  higher  and  lower  series  reflect  different 
assumptions  about  legal  changes  and  changes  in  immigration  behavior. 
In  the  Census  data,  people  of  Hispanic  origin  can  be  of  any  race.  In  the 
race/ ethnicity  breakdowns,  people  of  Hispanic  origin  are  identified  first, 
then  non-Hispanics  are  divided  into  the  racial  categories  of  White,  Black, 
American  Indian,  and  Asian  and  Pacific  Islander. 


in  total  population  is  projected  to  increase  from  12  to  13  percent, 
Asians  from  3  to  6  percent,  and  people  of  Hispanic  origin  from  9  to 
16  percent. 


Figure  1 0.  Population  shares  by  race  and  Hispanic  origin,  1 990  to  2020a 
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a.  Source:  [25],  table  I. 

Note:  American  Indians,  who  make  up  less  than  1  percent  of  the  population,  were  omit¬ 
ted  from  the  chart. 


Workforce  2020  translates  population  growth  into  labor  force  growth 
and  corrects  a  common  misinterpretation  of  the  Workforce  2000 
report  [28] .  In  particular,  they  note  that,  although  there  will  be  more 
women  and  minorities  in  the  workforce  of  2020,  the  pace  of  change 
is  gradual  rather  than  dramatic.  Not  only  will  white  non-Hispanics 
continue  to  be  the  majority  of  the  workforce  (68  percent),  they  will 
also  be  the  majority  of  new  entrants  to  the  workforce  (66  percent) . 

Although  the  overall  youth  population  begins  to  increase  after  1998, 
there  will  continue  to  be  factors  that  make  it  difficult  to  recruit  these 
youth  into  the  Navy.  These  factors  include: 

•  About  18  percent  of  youth  don’t  graduate  from  high  school. 
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•  About  67  percent  of  high  school  graduates  go  on  to  get  some 
college. 

•  Even  among  high  school  graduates,  some  youth  are  not  quali¬ 
fied  to  join  the  Navy  because  of  aptitude  or  medical,  moral,  and 
legal  problems. 

•  The  propensity  to  enlist  in  any  service  is  low,  and  the  Navy  has 
among  the  lowest. 

These  factors  make  recruiting  more  difficult,  but  we  have  no  reason 
to  believe  that  any  of  the  factors  will  change  in  the  future  in  a  way  that 
would  make  recruiting  even  more  difficult.13  If  the  Navy  continues  to 
attract  roughly  the  same  share  of  the  youth  population,  the  increas¬ 
ing  youth  population  should  help  recruiting. 

High  school  graduate  market 

The  traditional  market  the  Navy  taps  for  enlisted  recruits  is  high 
school  graduates.  In  recent  years,  enlisted  recruits  have  included  very 
few  people  who  didn’t  graduate  from  high  school  and  even  fewer 
people  with  postsecondary  education.  Thus,  we  can  refine  our  predic¬ 
tions  of  how  the  Navy’s  recruiting  environment  might  change  by 
moving  from  the  total  18-  to  24-year-old  population  to  the  subset  of 
this  population  that  graduates  from  high  school.  We  will  then  con¬ 
sider  how  the  qualifications  of  high  school  graduates  have  been 
changing  over  time. 

Number  of  high  school  graduates 

The  National  Center  for  Education  Statistics  (NCES)  produces  fore¬ 
casts  of  elementary,  secondary,  and  higher  education  enrollments 
and  graduates  for  ten  years  into  the  future.  Figure  11  shows  their  pro¬ 
jections  of  high  school  graduates  out  to  2008,  along  with  historical 
data  on  high  school  graduates.  The  projections  depend  mostly  on 
Census  Bureau  forecasts  of  the  18-year-old  population  but  also  take 
into  account  estimated  graduation  rates  for  sub-populations  and 
expected  policies  affecting  graduation  requirements  [29] . 

13.  Subsequent  sections  consider  whether  the  percentages  graduating  from 
high  school  and  going  on  to  college  are  likely  to  change  in  the  future. 
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Figure  1 1 .  Annual  high  school  graduates  projected  through  2008a 


Similar  to  trends  in  youth  population,  the  number  of  high  school 
graduates  fell  from  a  high  of  2.8  million  in  the  1980s  to  2.5  million  in 
the  mid-1990s.  After  1995,  the  numbers  begin  to  rise  again,  reaching 
3.1  million  in  2008.  This  represents  a  22-percent  increase  in  the 
number  of  high  school  graduates  between  1995  and  2008. 

Although  increases  in  the  number  of  high  school  graduates  should 
improve  the  recruiting  environment,  the  availability  of  these  gradu¬ 
ates  to  the  Navy  is  restricted  by  college  enrollments,  a  low  propensity 
to  enlist,  and  lack  of  qualifications. 

Academic  progress  of  high  school  graduates 

Some  high  school  graduates  don’t  qualify  for  the  Navy  because  of 
legal  problems  or  because  their  test  scores  are  too  low.  There  is  also 
a  question  of  whether  high  schools  are  giving  students  the  education 
they  need  to  succeed  in  the  Navy’s  technical  training.  This  question 
will  become  even  more  important  in  the  future  as  the  Navy  begins  to 
require  more  technically  proficient  sailors.  In  this  subsection,  we 
examine  existing  evidence  regarding  the  academic  preparation  of 
high  school  graduates. 
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A  nation  at  risk? 

Conventional  wisdom  has  it  that  American  students  are  bad  and  get¬ 
ting  worse  all  the  time.  Here  we  review  the  debate  regarding  aca¬ 
demic  progress  and  present  some  evidence  that  runs  counter  to  the 
conventional  wisdom.  Although  some  experts  disagree  about  the  sta¬ 
tistical  evidence,  the  consensus  is  that  students  today  are  no  worse, 
and  in  some  respects  are  better,  than  in  the  past  and  that  they  fare 
pretty  well  in  international  comparisons. 

Negative  perceptions  regarding  public  schools  became  widespread 
with  the  publication  of  the  National  Commission  on  Excellence  in 
Education’s  1983  report,  A  Nation  At  Risk  [30] .  This  report  painted  a 
dire  picture  of  U.S.  public  schools  that  is  often  used  by  the  propo¬ 
nents  of  a  national  school  voucher  system.  To  substantiate  the  argu¬ 
ments  made  in  this  report,  the  Bush  administration  in  1990  requested 
that  the  Strategic  Studies  Center  at  the  Sandia  National  Laboratory 
undertake  a  comprehensive  review  of  the  effectiveness  of  K-12  educa¬ 
tion  in  the  United  States. 

To  the  surprise  of  many  K-12  critics,  the  Sandia  study  reported  steady 
or  slightly  improving  trends  over  time  [31]  on  nearly  every  popular 
measure  of  the  status  of  education.  They  examined  dropout  rates, 
standardized  test  scores,  higher  education  enrollment,  education 
spending,  international  comparisons,  educator  status,  and  workforce 
skills.  One  warning  that  was  sounded  was  that  schools  must  improve 
the  performance  of  disadvantaged  minority  and  urban  students  and 
confront  immigration. 

Or  a  manufactured  crisis? 

The  more  optimistic  assessment  of  the  Sandia  Report  is  reinforced  by 
David  Berliner  and  Bruce  Biddle  in  The  Manufactured  Crisis  [32].  This 
book  argues  that  today’s  students  are  as  intelligent  and  as  well  pre¬ 
pared  by  their  K-12  educations  as  were  students  of  the  past  and  stu¬ 
dents  in  other  countries.  In  reference  [33],  the  authors  write  that: 

throughout  most  of  the  Reagan  and  Bush  years,  the  White 
House  led  an  unprecedented  and  energetic  attack  on  Amer¬ 
ica’s  public  schools,  making  extravagant  and  false  claims 
about  the  supposed  failures  of  those  schools,  and  arguing 


that  those  claims  were  backed  by  “evidence.”. ..Since  the 
attack  was  well  organized  and  was  led  by  such  powerful  per¬ 
sons — and  since  its  charges  were  shordy  to  be  echoed  in 
other  broadsides  by  leading  industrialists  and  media  pun¬ 
dits — its  false  claims  have  been  accepted  by  many,  many 
Americans. 

Berliner  and  Biddle  then  present  evidence  to  contradict  the  major 
myths,  including  evidence  that  SAT  scores  have  not  declined,  achieve¬ 
ment  test  scores  have  been  steady  or  improving,  and  U.S.  students  do 
fairly  well  in  international  comparisons. 

Of  course,  there  are  two  sides  to  every  argument,  and  Lawrence  Sted- 
man  has  written  articles  criticizing  both  the  Sandia  Report  and  The 
Manufactured  Crisis  [34,  35] .  Stedman  argues  that  the  data  were  mis¬ 
handled  and  that,  handled  properly,  there  is  evidence  of  declines  in 
SAT  scores  and  of  poor  international  performance.  Even  here, 
though,  Stedman  asserts  that  “U.S.  performance  in  the  international 
arena  is  not  as  dismal  as  school  critics  have  asserted.”  He  further 
argues  that,  although  National  Assessment  of  Educational  Progress 
(NAEP)  scores  in  math  and  science  have  been  stable  or  rising,  the 
absolute  level  of  achievement  on  the  tests  has  been  too  low  for 
decades. 

Berliner  and  Biddle  answered  Stedman ’s  criticisms  and  reassert  their 
claims  that  almost  all  available  statistical  evidence  shows  that  U.S.  stu¬ 
dents  have  been  holding  their  own  or  improving  over  time  and  that 
they  do  fairly  well  in  international  comparisons  [33],  Their  views  are 
strongly  upheld  by  Gerald  Bracey,  who  has  written  widely  arguing 
against  the  conventional  wisdom  that  American  students  are  poorly 
prepared  by  their  K-12  schools  and  can’t  hold  their  own  against  stu¬ 
dents  of  former  times  or  from  other  countries  [36,  37],  He  argues 
that  most  international  comparisons  are  favorable  to  U.S.  students 
and  that  gaps  between  Japanese  and  American  students  in  science 
and  math  have  been  exaggerated. 

How  about  declining  SAT  scores? 

Most  of  the  debate  regarding  the  performance  of  U.S.  public  schools 
revolves  around  careful  interpretation  and  use  of  statistical  data.  A 
good  example  is  the  case  of  declining  SAT  scores.  Almost  every  year, 
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the  release  of  average  SAT  test  results  is  accompanied  by  extensive 
media  coverage  of  declines  in  test  scores  over  time.  What  isn’t 
pointed  out,  though,  is  the  substantial  change  over  time  in  the  sample 
of  people  who  take  the  SAT.  If  one  adjusts  for  changes  in  the  compo¬ 
sition  of  students  taking  the  test,  the  evidence  of  decline  disappears. 

Comparisons  from  state  to  state  in  raw  average  SAT  scores  are  also 
misleading  because  of  large  differences  in  the  percentage  of  students 
taking  the  test.  In  states  (or  in  past  times)  where  a  low  percentage  of 
students  take  SAT  tests,  average  scores  tend  to  be  high  because  the 
test-taking  population  includes  a  high  proportion  of  high-achieving 
students.  As  more  and  more  students  take  the  tests,  the  test-taking 
population  expands  beyond  the  highest  achieving  students  and  aver¬ 
age  test  scores  fell. 

Several  studies  have  examined  differences  in  SAT  scores  over  time 
and  among  states,  adjusting  for  differences  in  the  test-taking  popula¬ 
tion.  The  control  variables  used  have  included  race,  ethnicity,  sex, 
family  income,  family  size,  parents’  educational  level,  first  language 
used,  class  rank,  and  urbanization.  The  studies  all  conclude  that  char¬ 
acteristics  of  the  test-taking  populations  explain  a  great  deal  of  the 
variation  in  average  test  scores.  In  particular,  conclusions  regarding 
lower  college  entrance  exam  scores  over  time  fail  to  take  into  account 
that  more  students  now  take  the  tests  as  college  education  becomes 
an  option  for  more  than  an  elite  minority  [38, 39, 40] . 

Evidence:  trends  in  NAEP  scores 

The  NCES  National  Assessment  of  Educational  Progress  (NAEP)  has 
tested  nationally  representative  samples  of  students  aged  9,  13,  and 
17  in  science,  mathematics,  and  reading  periodically  since  the  early 
1970s  [41].  Figure  12  shows  the  results  of  the  science  test  for  17-year- 
°lds — generally  high  school  seniors.  Knowledge  and  skills  in  science 
are  scored  on  a  scale  of  150,  200,  250,  300,  and  350,  and  the  figure 
shows  the  percentage  of  students  who  scored  at  or  above  the  highest 
three  levels. 


Figure  12.  Percentage  of  1 7-year-old  students  at  or  above  science 
performance  levels3 


100  i 


■  Level  350:  Integrates  specialized  scientific  information 

■  Level  300:  Analyzes  scientific  procedures  and  data 
□  Level  250:  Applies  general  scientific  information 


a.  Source:  [40],  table  1 .1 . 


What  level  of  scores  will  the  future  Navy  require?  Based  on  the  defini¬ 
tions  given  by  NCES  [41],  we  estimate  that  most  level  350  scorers  will 
be  college  bound,  but  those  scoring  somewhere  between  250  and  300 
will  meet  Navy  qualifications: 

Level  250:  Applies  General  Scientific  Information.  Students 
at  this  level  can  interpret  data  from  simple  tables  and  make 
inferences  about  the  outcomes  of  experimental  procedures. 

Level  300:  Analyzes  Scientific  Procedures  and  Data.  Stu¬ 
dents  at  this  level  can  evaluate  the  appropriateness  of  the 
design  of  an  experiment.  They  have  more  detailed  scientific 
knowledge  and  the  skill  to  apply  their  knowledge  in  inter¬ 
preting  information  from  text  and  graphs. 

Both  level  250  and  300  scores  have  shown  an  increasing  trend  over 
time,  a  favorable  indicator  of  the  availability  of  high  school  graduates 
who  meet  the  Navy’s  requirements  for  technical  proficiency. 
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Figure  13  shows  a  similar  trend  in  mathematics  performance.  In  math¬ 
ematics,  almost  all  high  school  seniors  are  at  or  above  the  250  level.  Per¬ 
haps  a  better  level  for  future  sailors  is  300: 

Level  300:  Moderately  Complex  Procedures  and  Reasoning: 
Students  at  this  level  are  developing  an  understanding  of 
number  systems....They  can  find  averages,  make  decisions 
based  on  information  drawn  from  graphs,  and  use  logical  rea¬ 
soning  to  solve  problems. 


Figure  1 3.  Percentage  of  1 7-year-old  students  at  or  above  math 
performance  levels3 


■  Level  350:  Multistep  problem  solving  and  algebra 
®  Level  300:  Moderately  complex  procedures  and  reasoning 
□  Level  250:  Numerical  operations  and  beginning  problem  solving 


a.  Source:  [41  ],  table  3.1 . 


The  upward  trend  at  level  300  in  math  is  even  more  pronounced  than 
the  upward  trends  in  science.  There  is  strong  evidence  that  there  was 
improvement  between  the  1980s  and  1990s  in  math  performance  by  17- 
year-old  students  at  a  level  consistent  with  Navy  enlisted  requirements. 

The  last  area  of  NAEP  testing  is  reading,  shown  in  figure  14.  We  have 
argued  that  the  future  sailor  will  need  strong  communication  skills  to 


interact  with  both  the  machines  and  the  rest  of  the  reduced  crew. 
Unfortunately,  unlike  math  and  science,  high  school  seniors’  reading 
levels  haven’t  shown  much  evidence  of  improvement  at  the  top  three 
scores.  In  fact,  after  modest  gains  in  the  late  1980s,  scores  have 
declined  again  in  the  1990s.  On  the  other  hand,  there  is  general 
agreement  among  educators  that  the  baseline  reading  skills  were 
somewhat  higher  than  baseline  math  and  science  skills. 


Figure  1 4.  Percentage  of  1 7-year-old  students  at  or  above  reading  perfor¬ 
mance  levels3 


■  Level  350:  Learn  from  specialized  reading  materials 

■  Level  300:  Understand  complicated  information 

□  Level  250:  Interrelate  ideas  and  make  generalizations 


a.  Source:  [40],  table  5.1. 


Evidence:  high  school  courses  and  computer  use 

The  NCES  annual  report,  Condition  of  Education,  provides  a  number 
of  indicators  of  the  condition  of  the  U.S.  educational  system  [42] . 
One  indicator  that  may  speak  to  the  future  technical  preparedness  of 
students  is  the  type  of  courses  that  are  being  taken.  Recent  initiatives 
have  sought  to  increase  the  number  of  science  and  math  courses 
required  to  graduate  from  high  school  or  to  enter  college.  Figures  15 
and  16  show  evidence  that  these  initiatives  have  been  successful  in 
increasing  the  amount  of  science  and  math  being  taken. 
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Figure  1 5.  Percentage  of  students  taking  selected  science  courses, 
1 982-1 994a 
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a.  NCES,  Condition  of  Education  97,  table  24-2. 


Figure  1 6.  Percent  of  students  taking  selected  math  courses,  1 982-1 994a 
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a.  NCES,  Condition  of  Education  97,  table  24-2. 


Figure  15  shows  the  percentage  of  high  school  students  who  took 
biology,  chemistry,  physics,  or  multiple  science  courses  from  1982  to 
1994.  All  of  these  courses  were  taken  by  increasing  numbers  of  stu¬ 
dents.  In  particular,  the  number  of  students  taking  both  biology  and 
chemistry  increased  from  under  30  percent  to  almost  55  percent. 
Figure  16  shows  the  percentage  of  students  who  took  geometry,  alge¬ 
bra,  trigonometry,  and  calculus  courses.  Again,  math  preparation  has 
been  increasing  from  1982  to  1994. 

A  final  note  involves  exposure  to  technology  through  the  use  of  com¬ 
puters  in  schools.  Figure  17  shows  that  the  percentage  of  students 
who  used  computers  while  at  school  more  than  doubled  between 
1984  and  1993  (including  all  students  from  prekindergarten  through 
graduate  school).  This  trend  is  expected  to  continue  until  computer 
use  in  schools  is  all  but  universal.  Home  use  of  computers  is  also 
increasing. 


Figure  1 7.  Percentage  of  students  using  computers  at  school3 


a.  Source:  NCES  98-015,  Digest  of  Educational  Statistics,  1997,  table  422. 
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We  believe  that,  contrary  to  conventional  wisdom,  both  aptitude  and 
achievement  levels  of  high  school  graduates  have  remained  steady  or 
improved  in  recent  years.  With  the  new  initiatives  to  increase  pre¬ 
paredness  of  students  for  the  future  workforce  that  will  be  discussed 
below,  we  also  believe  that  there  will  be  more  improvements  in  the 
future.  The  Navy,  then,  will  have  access  to  a  larger  pool  of  high  school 
graduates  who  will  be  increasingly  technologically  literate.  On  the 
down  side,  however,  the  Navy  will  also  face  increased  competition  for 
these  high-tech  workers,  both  from  other  employers  and  from  post¬ 
secondary  schools.  We  examine  the  issue  of  high  school  graduates 
going  on  for  further  education  in  the  next  subsection. 

Trends  in  educational  attainment 

The  previous  subsections  documented  the  growing  numbers  of  high 
school  graduates  and  their  improving  academic  performance.  The 
other  side  of  this  equation  for  Navy  enlisted  recruiting,  though,  is 
how  many  of  the  high  school  graduates  will  go  on  to  some  form  of 
postsecondary  education.  Traditionally,  most  enlisted  recruits  have 
had  no  more  than  a  high  school  education.  There  have  been  some 
attempts  to  recruit  more  community  college  graduates,  but  so  far 
they  have  not  been  extensive  [43].  Thus,  using  current  practices, 
high  school  graduates  who  go  on  to  postsecondary  schools  are  not 
part  of  the  Navy  enlisted  recruiting  pool. 

Figure  18  shows  long-term  trends  in  educational  attainment  from 
1940  to  1990.  The  major  trend  from  1940  to  1980  was  the  large  drop 
in  the  percentage  of  people  who  didn’t  complete  high  school:  this  fell 
from  62  percent  in  1940  to  15  percent  in  1980.  The  percentage  of 
people  with  only  a  high-school  diploma  doesn’t  increase  very  much, 
however,  because  from  1960  to  1980  there  was  also  an  increasing 
trend  of  people  going  on  to  college.  Thus,  by  1990,  high  school  drop¬ 
outs  made  up  14  percent  of  the  population,  41  percent  had  high 
school  diplomas,  21  percent  had  completed  some  college,  and  23 
percent  were  4-year  college  graduates. 
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Figure  1 8.  Shifts  in  educational  attainment  over  last  half-century3 
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(4  year) 
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□  High  school 
graduate 

HI  Less  than  high 
school  graduate 


1940  1950  1960  1970  1980  1990 


a.  Source:  [44]. 

Note:  The  "some  college"  category  was  not  tracked  before  1960. 


Fewer  people  stop  education  at  high  school 

Figure  19  examines  trends  in  educational  attainment  in  more  detail 
for  1967  to  1996.  This  figure  shows  the  percentage  of  14-  to  24-year- 
old  high-school  graduates  by  whether  they  were  currently  in  college, 
had  been  in  college,  or  had  never  been  in  college.  Although  50  per¬ 
cent  of  the  1967  high  school  graduate  pool  had  not  been  in  college, 
only  33  percent  of  the  1996  pool  had  not.  By  relying  on  only  high 
school  graduates  with  no  plans  for  postsecondary  education,  then, 
the  Navy  is  targeting  a  shrinking  proportion  of  the  youth  population. 

College  enrollments 

Next,  we  look  at  projections  of  how  many  high  school  graduates  will 
go  on  to  either  2-  or  4-year  postsecondary  schools.  Figure  20  shows 
total  enrollments  at  institutions  of  higher  learning  (this  includes  col¬ 
leges,  universities,  community  colleges,  private  2-year  colleges,  and 
vocational  and  technical  schools) .  Enrollments  at  both  2-  and  4-year 
schools  are  expected  to  increase,  but  it  isn’t  clear  from  this  figure 
whether  the  rates  of  increase  are  higher  or  lower  than  rates  of 
increase  for  youth  population  and  high  school  graduates. 
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Millions  enrolled 


a.  Source:  [44]. 


Figure  20.  Enrollment  in  2-  and  4-year  institutions  of  higher  learning3 


1984  1986  1988  1990  1992  1994  1996  1998  2000  2002  2004  2006  2008 
a.  Source:  [29],  table  1 1 . 

Note:  the  numbers  are  actual  fall  enrollments  through  1997  and  projections  of  fall 
enrollments  after  1998. 


Figure  21  compares  the  rates  of  change  over  5-year  intervals  for  18-  to 
24-year-olds,  high  school  graduates,  and  enrollment  in  2-  and  4-year 
postsecondary  schools.  For  1988  to  1993,  both  youth  populations  and 
high  school  graduates  were  falling,  but  college  enrollments  were  ris¬ 
ing.  This  was  the  period  in  which  high  school  graduates  with  no  col¬ 
lege  plans  became  increasingly  rare.  Notice  that  the  increase  in  2-year 
enrollments  was  especially  large.  For  1993  to  1998,  the  number  of 
high  school  graduates  actually  increased  more  rapidly  than  either  2- 
or  4- year  enrollments.  This  is  also  expected  to  be  the  case  for  1998  to 
2003.  In  the  last  period,  2003  to  2008,  all  rates  of  growth  are  compa¬ 
rable.  This  figure  implies  that,  although  the  relative  availability  of 
people  stopping  their  education  at  high  school  fell  during  the  late 
1980s  and  early  1990s,  this  trend  is  not  expected  to  continue. 


Figure  21 .  Comparison  of  rates  of  change 
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Our  conclusion,  then,  is  that  the  Navy  should  recognize  that  changes 
in  the  recent  past  have  narrowed  the  high  school  graduate  market, 
but  it  shouldn’t  have  to  contend  with  significandy  more  narrowing  in 
the  future.  One  qualification  to  this  conclusion  is  that  new  tax  laws 
and  scholarship  programs  are  decreasing  the  cost  of  attending 
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college,  especially  for  2-year  or  shorter  programs.  It  isn’t  clear  to  what 
extent  the  NCES  projections  take  these  cost  changes  into  account,  so 
they  may  understate  increases  in  postsecondary  enrollments.14 

Technical  degrees 

A  final  consideration  is  to  what  extent  civilian  postsecondary  institu¬ 
tions  are  providing  the  kind  of  education  and  training  that  the  Navy 
will  need  in  the  21st  century.  The  existence  of  relevant  programs  may 
provide  some  assurance  that  qualified  recruits  will  be  available.  We 
decided  that  the  relevant  programs  are  2-year  or  shorter  technical 
degrees  and  certificates.  These  could  be  technical  majors  at  commu¬ 
nity  colleges,  or  vocational  certificates  in  technical  occupations. 

Figure  22  shows  how  many  awards  (degrees  or  certificates)  below  the 
Bachelor’s  level  were  awarded  in  technical  fields  in  1995.  Some  fields, 
such  as  precision  production  trades,  rely  on  certificate  programs  as 
much  as  or  more  than  Associate  degrees.  Other  fields,  such  as  engi¬ 
neering-related  technologies,  rely  more  heavily  on  the  Associate 
Degree.  In  all,  there  were  about  180,000  awards  in  the  listed  technical 
fields  in  1995.  This  represents  a  significant  amount  of  civilian 
resources  devoted  to  postsecondary  education  in  technical  fields. 

Government  programs  to  increase  technical  expertise 

We  have  already  discussed  the  perception  that  U.S.  public  education 
has  been  failing.  In  addition,  there  has  been  significant  attention  paid 
to  a  “skills  gap,”  or  a  discrepancy  between  the  skills  that  American 
workers  possess  and  what  will  be  needed  as  technology  continues  to 
advance.  In  1987,  the  Workforce  2000  report  warned  that,  if  the  Amer¬ 
ican  economy  were  to  prosper,  “the  educational  standards  that  have 
been  established  in  the  nation’s  schools  must  be  raised  dramatically. 


14.  Higher  education  enrollment  rates  were  predicted  using  the  Census 
Bureau’s  middle  series  population  projections.  Age-specific  enrollment 
rates  were  estimated  using  an  econometric  model  that  included  such 
variables  as  real  disposable  income  per  capita,  unemployment  rates,  and 
proxies  for  relative  earnings  by  educational  attainment  No  mention  was 
made  of  scholarship  and  tax  law  changes  [29] . 
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Put  simply,  students  must  go  to  school  longer,  study  more,  and  pass 
more  difficult  tests  covering  more  advanced  subject  matter”  [45]. 


Figure  22.  Awards  below  Bachelor's  degree  in  technical  fields,  1 994-1 995 
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Although  such  concerns  may  have  been  overstated,  they  are  neverthe¬ 
less  legitimate.  It  is  important  for  schools  to  prepare  young  people  for 
the  demands  of  increasingly  technical  work.  Moreover,  this  concern  is 
not  unique  to  the  Navy;  it  is  economy  wide.  For  this  reason,  a  number 
of  federal  policy  initiatives  have  been  enacted  to  improve  the  educa¬ 
tion  and  skills  of  American  youth,  especially  their  preparation  to  join 
a  technical  workforce. 

Government  policies  have  included  tax  credits  for  life-span  educa¬ 
tional  expenses,  the  Hope  Scholarship  program  for  students  attending 
2-year  colleges,  and  the  Goals  2000 — Educate  America  Act.  A  major 
part  of  the  new  educational  policy  is  the  Tech  Prep  program.  Previous 
CNA  research  has  examined  the  Tech  Prep  program  and  how  the  Navy 
can  take  advantage  of  this  initiative  [46]. 
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The  purpose  of  the  Goals  2000  legislation  is  to  prepare  students  so 
that  they  meet  employers’  needs  for  a  more  technically  trained  work¬ 
force.  Among  the  initiatives  are  high  school  graduation  requirements 
with  more  emphasis  on  science  and  math.  But  there  is  also  a  convic¬ 
tion  that  more  and  more  employees  will  need  education  beyond  high 
school.  In  fact,  the  White  House  goal  is  to  make  14  years  of  educa- 
ti°n — at  least  2  years  of  college — the  standard  for  all  Americans. 

To  reach  the  14-year  standard,  the  legislation  promotes  the  integra¬ 
tion  of  school-  and  work-based  learning.  In  the  schools,  more  techni¬ 
cal  material  would  be  taught,  more  instructional  material  would  be 
drawn  from  the  workplace,  and  there  would  be  more  career  explora¬ 
tion  and  counseling.  In  the  workplace,  employers  would  be  encour¬ 
aged  to  provide  active  learning  environments.  And  to  ensure 
coordination,  the  Act  calls  for  public/ private  partnerships  among 
businesses  and  elementary,  secondary,  and  postsecondary  schools, 
students,  and  parents. 

The  Tech  Prep  program  provides  a  mechanism  for  secondary  and 
postsecondary  schools  and  employers  to  put  together  school  and 
work  experience  packages  that  will  produce  technically  competent 
employees.  The  programs  include  the  last  2  years  of  high  school  and 
a  2-year  Associate  degree  or  certificate  program,  with  businesses  pro¬ 
viding  workplace  opportunities.  With  assistance  from  CNA,  the  Navy 
has  recently  entered  into  its  first  Tech  Prep  partnership. 

The  Tech  Prep  program  is  one  specific  way  that  the  Navy  can  take 
advantage  of  economy-wide  efforts  to  improve  workforce  technical 
skills.  In  general,  we  believe  that  the  sailor  of  the  future  will  often 
need  the  equivalent  of  an  Associate  degree.  Traditionally,  the  Navy 
has  recruited  high  school  graduates  and  provided  its  own  advanced 
training.  This  may  not  continue  to  be  the  most  efficient  way  to  do 
business  in  a  world  that  has  more  and  more  civilian  opportunities  to 
pursue  technical  postsecondary  training.  Other  options  that  the  Navy 
will  have  to  consider  are  outsourcing  its  training  to  civilian  institu¬ 
tions,  or  hiring  more  pretrained  personnel  from  the  community  col¬ 
lege  and  vocational/ technical  school  markets. 

Previous  CNA  research  has  already  made  a  strong  argument  for 
making  more  use  of  civilian  postsecondary  education  and  training 


[47] .  These  arguments  can  only  become  stronger  as  Navy  technology 
continues  to  advance,  more  COTS  technology  is  used,  and  relevant 
civilian  educational  opportunities  proliferate. 

Wage  premium  for  higher  education 

We  have  argued  that  the  future  sailor  will  need  more  education  and 
that  there  will  be  more  opportunities  to  acquire  relevant  education 
and  training  in  the  civilian  sector.  A  related  concern,  though,  is  how 
much  the  Navy  will  have  to  pay  to  hire  people  with  more  technical 
education. 

There  is  a  positive  correlation  between  workers’  earnings  and  their 
level  of  education.  Moreover,  this  educational  premium  increased 
rather  dramatically  during  the  1980s.  Figure  23  shows  the  ratio  of 
earnings  for  men  with  different  levels  of  education  relative  to  high 
school  graduates.15  In  the  1970s,  men  with  at  least  a  Bachelor’s  degree 
earned  about  20  percent  more  than  high  school  graduates — but  this 
had  increased  to  50  to  60  percent  more  by  1990.  Men  who  attended 
some  college,  but  didn’t  get  a  Bachelor’s  degree  (including  Associate 
degree  holders)  earned  very  little  more  than  high  school  graduates  in 
the  1970s,  but  their  relative  earnings  grew  during  the  early  1980s  until 
they  earned  10  to  15  percent  more.  At  the  other  extreme,  high  school 
dropouts’  earnings  fell  relative  to  high  school  graduates. 

Why  do  more  highly  educated  workers  earn  more?  One  possibility  is 
that  more  education  causes  higher  earnings  by  increasing  workers’ 
productivity.  Another  possibility  is  that  both  more  education  and 
higher  earnings  are  caused  by  some  underlying  factor,  such  as  higher 
intelligence  or  better  work  habits. 

The  implication  of  the  educational  premiums  for  the  Navy  is  that, 
first,  officer  pay  should  be  higher  than  enlisted  pay,  and  that  differ¬ 
ence  should  have  increased  during  the  1980s.  If  it  did  not,  then  either 


15.  The  figure  shows  male  earnings  only  so  that  gender,  another  important 
correlate  of  earnings,  is  held  constant.  Similar  educational  premiums 
are  observed  for  women.  The  educational  premiums  persist  in  statistical 
studies  that  hold  other  attributes  constant,  such  as  race,  region  of  coun¬ 
try,  and  parents’  socio-economic  status.  See  [48] . 
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officer  pay  didn’t  keep  pace  with  increases  in  what  the  average  college 
graduate  earned,  or  enlisted  pay  more  than  kept  pace  with  what  the 
average  high  school  graduate  earned.  Second,  if  the  Navy  wants  to 
recruit  more  people  with  Associate  degrees  or  some  postsecondary 
education,  it  will  have  to  pay  them  more  than  it  pays  its  enlisted  force 
of  mosdy  high  school  graduates. 


Figure  23.  Ratio  of  earnings  relative  to  high  school  graduate  for  men 
age  25  to  34a 


Differences  in  average  earnings  by  educational  level  conceal  substan¬ 
tial  differences  in  earnings  for  people  with  the  same  level  of  educa¬ 
tion.  One  important  source  of  earnings  variation  is  the  field  of  study 
in  college.  Figure  24  shows  average  monthly  earnings  by  field  of  study 
for  selected  fields.  This  figure  illustrates  the  premium  that  people 
with  technical  backgrounds  earn.  Although  the  40-percent  premium 
for  engineering  degrees  applies  to  college  graduates,  there  is  presum¬ 
ably  some  premium  for  technical  education  below  the  Bachelor’s 
level.  The  other  paper  from  the  Optimal  Manning  study  gives  more 
precise  estimates  of  the  premiums  that  the  Navy  should  expect  to  pay 


enlisted  people  who  have  had  some  technical  postsecondary 
education  [2]. 


Figure  24.  Wage  premiums  by  field  of  Bachelor's  degree3 


a.  Source:  Census  Bureau,  Current  Population  Reports,  P70-51,  Dec  95 
Note:  the  data  used  are  for  spring  1 993  graduates. 


Other  changes  in  the  American  workforce 

The  Workforce  2020  study  examined  many  forces  shaping  the  Ameri¬ 
can  economy  in  the  future  and  drew  the  following  implications  for  the 
American  workforce  [28]: 

•  Pay  will  increasingly  be  linked  to  performance. 

•  Workers  will  change  jobs  more  often. 

•  Swiftly  developing  technologies  will  increase  the  demand  for 
highly  skilled  and  well-educated  workers. 

Employment  in  some  types  of  jobs  is  expected  to  increase  at  the 
expense  of  other  types  of  jobs.  The  Bureau  of  Labor  Statistics  (BLS) 
predicts  the  following  trends  for  the  year  2005  [49]: 
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•  White-collar  jobs  will  grow  more  rapidly  than  blue-collar  jobs, 
but  overall  differences  between  1994’s  job  mix  and  the  mix  in 
2005  will  not  be  great.  The  conventional  wisdom  that  technolog¬ 
ical  change  will  lead  to  the  disappearance  of  blue-collar  and  low- 
skilled  white-collar  jobs  does  not  appear  true  by  2005,  although 
it  will  be  increasingly  true  further  on. 

•  Out  of  the  25  fastest  growing  occupations  between  1994  and 
2005,  8  are  in  technical  fields. 

•  Many  of  the  fastest  shrinking  occupations  represent  jobs  that  are 
being  lost  because  information  technology  is  enabling  machines 
to  substitute  for  human  labor.  Examples  are  computer  opera¬ 
tors,  machine  tool-cutting  operators,  and  bank  tellers. 

Workforce  2020  took  the  analysis  of  growing  and  shrinking  occupa¬ 
tions  one  step  further  by  trying  to  estimate  how  the  skills  needed  by 
workers  would  change  [28].  It  matched  the  BLS  employment  projec¬ 
tions  with  measures  of  the  educational  levels  needed  for  each  detailed 
occupation.  By  eyery  measure  of  educational  requirements,  that  is, 
language,  mathematics,  and  reasoning,  the  analysis  showed  that  the 
growing  occupations  require  substantially  higher  skills  than  the 
shrinking  occupations.  The  Workforce  2020  conclusion  is  that  efforts 
to  improve  the  education  and  skill  levels  of  American  workers  must 
continue. 


Changes  in  workforce  policies 

Changes  in  technology  and  required  skills  and  simultaneous  changes 
in  civilian  labor  markets  imply  that  the  Navy  may  have  to  make  funda¬ 
mental  changes  in  the  way  it  manages  its  workforce.  The  legacy  mili¬ 
tary  workforce  structure  includes  high  demand  for  strength  and  vigor 
at  the  lower  paygrades,  tapering  down  to  small  requirements  for 
senior  leadership.  As  we  have  seen,  future  workforce  needs  will 
increasingly  stress  long-term  technical  competency.  Along  with  the 
skilled  technicians,  there  will  still  be  some,  although  much  reduced, 
demand  for  unskilled  labor  and,  of  course,  still  a  need  for  senior  lead¬ 
ers.  This  section  discusses  how  Navy  workforce  management  policies 
may  have  to  change  to  accommodate  these  new  structures. 

The  areas  of  personnel  policy  that  require  reexamination  include: 

•  Career  structure 

•  Recruiting 

•  Training 

•  Compensation. 

Career  structure 

Legacy  workforce  structure:  the  manpower  pyramid 

Throughout  the  All-Volunteer  Force  (AVF)  the  services  have  used  a 
promote-from-within  labor  force  in  which  career  paths  and  pay 
schedules  are  designed  primarily  for  generalists  who  progress  gradu¬ 
ally  from  entry-level  to  leadership  positions.  In  the  traditional  man¬ 
power  pyramid,  high  junior  paygrade  requirements  are  driven  by  the 
need  for  strength  and  vigor  to  operate  older  military  technologies. 
Requirements  for  senior  leaders  then  drive  up-or-out  policies  that 
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curtail  careers  of  officers  and  enlisted  personnel  who  are  not  selected 
for  promotion  to  the  next  level  of  responsibility. 

The  pay  system  that  accompanies  the  manpower  pyramid  is  based  on 
pay  tables.  Pay  tables  tie  pay  increases  to  promotions  and  longevity, 
with  the  same  table  being  used  for  all  enlisted  personnel,  regardless  of 
their  occupation.  There  are  some  discretionary  pays,  such  as  enlist¬ 
ment  bonuses,  Selective  Reenlistment  Bonuses  (SRBs),  sea  pay,  and 
submarine  pay,  but  discretionary  pays  are  a  small  percentage  of  total 
pay.  Some  ratings  also  achieve  higher  average  pay  through  more  rapid 
advancements.16 

The  pyramid  structure  has  already  seen  significant  changes.  Relatively 
more  junior  billets  were  cut  during  the  drawdown,  and  newer  systems 
with  richer  paygrade  structures  were  introduced.  Another  study  of 
future  manpower  challenges  for  Chief  of  Naval  Personnel  compared 
total  force  billet  requirements  in  1988  and  1998  [51  ] .  It  found  that  the 
1988  pyramid  had  a  broad  base  of  junior  billets,  lower  relative  cost  per 
billet,  more  selectivity  for  advancement,  and  less  critical  retention 
requirements.  By  1998,  the  billet  structure  was  much  more  senior,  with 
more  billets  in  the  top  six  paygrades  than  current  funding  allows. 
Other  changes  were  a  higher  cost  per  billet  and  more  rapid  advance¬ 
ment  with  associated  lower  selectivity  and  less  experience  in  the  mid¬ 
grade  petty  officer  ranks. 

The  traditional  pyramid  force  structure  seems  to  work  less  well  in  fields 
that  employ  more  technical  specialists.  Civilian  opportunities  are  often 
better  for  technical  specialists,  so  that  higher  pay  is  needed  to  attract 
people  and  to  keep  the  best  people  from  leaving  the  military.  Enlist¬ 
ment  bonuses,  SRBs,  other  special  pays,  and  more  rapid  advancements 
have  been  used  to  increase  compensation  in  some  specialties,  but 
there  have  still  been  recurring  recruiting  and  retention  shortfalls.  At 
times,  existing  compensation  tools  haven’t  been  flexible  enough  to 
remedy  shortfalls,  or  have  worked  but  at  relatively  high  costs. 


16.  Reference  [1]  examines  compensation  systems  in  more  detail,  including 
existing  differences  in  pay  among  ratings.  A  previous  study  calculated 
average  base  and  special  pays  by  rating,  paygrade,  and  length  of  service 
[50]. 


Another  feature  of  the  traditional  pyramid  that  is  not  adapted  to  tech¬ 
nical  workers  is  the  up-or-out  policy.  In  technical  fields,  it's  sometimes 
best  to  keep  a  person  working  for  a  long  time  at  more  or  less  the  same 
level  in  the  organization.  Longer  careers  allow  more  time  to  recoup 
investments  in  costly  training  and  are  often  feasible  because  technical 
skills  may  not  decline  as  rapidly  with  age  as  strength  and  vigor 
requirements.  Current  up-or-out  policies  may  force  technical  workers 
out  at  a  point  where  they  still  have  valuable  skills.  Alternatively,  work¬ 
ers  may  be  promoted  to  supervisory  ranks  who  would  be  better  used 
back  on  the  line. 

Traditional  manpower  pyramids,  then,  are  already  changing  and  are 
not  necessarily  well  suited  to  technical  occupations.  In  the  future 
Navy,  with  its  even  more  technical  workforce,  existing  problems  can 
only  get  worse. 

Future  workforce  structure 

Given  the  manpower  pyramid  changes  that  have  already  occurred 
and  what  we  know  about  trends  in  future  requirements,  how  is  the 
future  force  structure  likely  to  look?  Too  little  is  known  about  the  pre¬ 
cise  requirements  of  future  platforms  to  be  sure,  but  we  can  draw 
some  general  conclusions  by  breaking  future  manpower  require¬ 
ments  into  three  components: 

•  Laborers:  There  will  be  a  remaining,  although  much  reduced, 
need  for  unskilled  labor  to  perform  “strength  and  vigor”  tasks 
that  can’t  be  automated. 

•  Skilled  technicians.  These  sailors  of  the  future  (discussed  at  the 
beginning  of  this  paper)  will  be  needed  in  almost  every  field, 
including  command  and  control,  engineering,  material  han¬ 
dling,  and  hotel  functions. 

•  Senior  leaders.  There  will  also  be  a  need  for  experienced  person¬ 
nel  with  knowledge  of  Navy  operations,  procedures,  and  per¬ 
sonnel  to  supervise  and  motivate  their  crews  and  to  make 
important  decisions. 

Figure  25  is  a  hypothetical  example  of  what  the  requirements  for  the 
three  types  of  personnel  might  look  like.  At  the  lower  paygrades, 
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there  are  requirements  for  laborers  that  might  be  met  by  people  who 
mostly  serve  one  term  and  leave.  Skilled  technicians  would  generally 
have  to  brought  in  at  higher  paygrades  to  provide  them  with  compen¬ 
sation  that  meets  their  civilian  alternatives.  This  assumes  that  pay  will 
continue  to  be  tied  to  rank;  a  subsequent  section  considers  the  possi¬ 
bility  of  skill-based  pay.  The  skilled  technicians  would  then  mostly  stay 
in  the  middle  ranks,  rather  than  being  forced  out  or  promoted  into 
supervisory  ranks.  Finally,  senior  leaders  would  continue  to  develop 
by  promotion  within  the  Navy,  either  in  a  specific  “management” 
track,  or  by  selection  out  of  the  laborer  and  skilled  technician  pools. 


Figure  25.  Future  requirements  driven  by  different  needs 
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Figure  26  shows  how  the  three  sets  of  requirements  might  combine 
to  form  a  total  force  workforce  structure.  This  is  merely  meant  to  be 
illustrative,  the  exact  force  structure  depends  on  systems  that  haven’t 
yet  been  designed  and  on  policy  variables  that  have  yet  to  be  deter¬ 
mined.  Some  likely  features  of  the  future  workforce,  however,  can  be 
identified: 

•  At  the  lower  paygrades,  a  pool  of  laborers,  many  of  whom  serve 
only  a  single  term 


•  Lateral  entry  into  higher  ranks  or  higher  pay  structures  for 
skilled  technicians  with  high-paying  civilian  employment 
opportunities 

•  Longer  careers  for  skilled  technicians  without  being  promoted 
into  supervisory  ranks 

—  Changes  in  up-or-out  policies  to  allow  longer  mid-grade 
careers 

—  Increases  in  compensation  not  tied  to  rank  so  that  experi¬ 
enced  technical  workers  don’t  leave  the  Navy 

•  Development  of  senior  leaders  by  progression  through  the 
ranks,  some  being  selected  out  of  the  laborer  and  skilled  tech¬ 
nician  workforces. 


Figure  26.  The  end  of  the  manpower  pyramid? 


Longer  careers  for  E6  Techs: 
changes  in  up-or-out  and 
retirement  policies 


Most  technicians  don't 
become  chiefs:  requires 
raises  not  tied  to  rank 

m  | 

Some  movement 
from  other  groups 
into  leadership 


Most  laborers  serve 
single  enlistment 


Are  future  force  structures  executable? 

Future  force  structures  with  considerably  richer  paygrade  structures 
are  not  executable  given  current  recruiting  and  career  management 
policies  and  reasonable  assumptions  about  retention  rates.  Reference 
[51]  shows  that  even  the  1998  billet  structure  presents  serious 
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problems:  it  requires  more  rapid  advancement  than  is  currently 
allowed  and  produces  shortfalls  at  paygrades  E4  and  E9. 

As  platforms  are  introduced  that  make  the  paygrade  structure  even 
richer  than  the  1998  level,  execution  problems  become  more  critical. 
After  modifying  1998  requirements  to  reflect  changes  from  the  Smart 
Ship  program,  the  F/A-18  E/F,  shore  billet  outsourcing  initiatives, 
and  the  future  carrier  program,  the  authors  define  a  potential  2010 
grade  structure.  The  2010  structure  has  78  percent  of  requirements 
in  the  top  six  paygrades — much  more  than  current  funding  allows. 
Furthermore,  the  structure  couldn’t  be  executed  without  unreason¬ 
ably  high  retention  rates  or  persistent  inventory  shortfalls  at  E4,  E5, 
and  E6.  If  the  structure  could  be  executed,  a  significantly  higher  pro¬ 
gramming  rate  per  sailor  would  have  to  be  used. 


Recruiting 


In  the  traditional  enlisted  recruiting  model,  high  school  graduates 
are  recruited  based  on  a  heavy  appeal  to  the  job  training  and  experi¬ 
ence  provided  by  the  military.  While  this  model  has  generally  been 
successful,  recent  recruiting  problems,  trends  in  educational  attain¬ 
ment,  and  the  resume  of  the  future  sailor  all  suggest  that  a  new 
approach  may  be  required  to  expand  the  recruiting  market. 

In  spite  of  rapid  growth  in  recent  years  in  the  proportion  of  high 
school  graduates  pursuing  less  than  4-year  degrees,  none  of  the  ser¬ 
vices  has  aggressively  pursued  the  market  for  these  students.17  The 
“some  college”  market  offers  a  number  of  advantages  in  addition  to 
its  size: 

•  Students  with  some  postsecondary  education  are  high  quality 
as  measured  by  either  test  scores  or  attrition  behavior  while  in 
the  service. 


17.  This  market  is  often  equated  to  the  community  college  market,  but  that 
term  is  too  narrow.  Other  significant  sources  of  technically  qualified 
recruits  are  private  2-year  colleges  and  both  public  and  private  voca¬ 
tional  and  technical  schools. 
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•  Less  than  4-year  postsecondary  schools  also  have  relatively  large 
proportions  of  minority  students. 

•  Graduates  already  possess  technical  skills  that  recruits  would 
otherwise  have  to  learn  in  the  military. 

Community  colleges  and  vocational/ technical  schools  teach  material 
(e.g.,  basic  electronics  and  computer  networking)  that  is  quite  similar 
to  what  the  Navy  teaches  in  initial  and  specialized  skill  training.  In 
fact,  some  Navy  schools  receive  academic  accreditation  from  the 
same  professional  groups  that  accredit  2-year  programs. 

We  believe  that  the  Navy  will  have  to  expand  enlisted  recruiting  to 
include  more  graduates  of  less  than  4-year  postsecondary  institutions. 
There  is  a  strong  argument  for  doing  so  now,  and  future  trends  will 
reinforce  these  arguments.  A  greater  proportion  of  sailors  will 
require  advanced  technical  education,  the  type  of  education  or  train¬ 
ing  needed  will  become  more  general,  and  there  will  be  more  civilian 
institutions  providing  relevant  training. 

To  fully  exploit  the  potential  of  postsecondary  school  recruits,  the 
Navy  needs  to  address  four  issues.  First,  it  must  develop  an  effective 
method  of  recruiting  at  postsecondary  schools.  Traditionally,  enlisted 
Navy  recruiters  have  not  worked  the  2-year  postsecondary  school  mar¬ 
ket,  so  strategies  for  accessing  this  market  need  to  be  developed  and 
incorporated  in  the  training  material. 

Perhaps  the  biggest  component  of  the  recruiting  problem  is  how  to 
put  together  a  compensation  package  that  will  attract  community  col¬ 
lege  graduates  in  technical  fields.  One  way  to  increase  compensation 
is  to  allow  lateral  entry  at  higher  paygrades,  but  the  higher  rank  may 
not  be  appropriate.  Another  option  would  be  to  use  existing  bonuses 
and  special  pays,  but  these  may  not  be  sufficiently  flexible.  A  final 
option  (discussed  later  in  this  section)  is  to  create  a  skill-based  pay 
system. 

Second,  recruiting,  training,  and  assignment  processes  that  are  built 
on  the  assumption  that  recruits  are  unskilled  high  school  graduates 
will  have  to  be  reexamined.  Current  Navy  recruiting  focuses  on 
selling  Navy  service  and  training  opportunities  and  plays  down  discus¬ 
sions  of  particular  career  fields.  With  pretrained  personnel,  the  Navy 
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may  have  to  move  closer  to  the  civilian  hiring  model  in  which  people 
are  recruited  for  a  particular  job  or  type  of  job  in  a  specific  location. 

Third,  better  methods  of  assessing  the  skills  of  pretrained  recruits 
must  be  developed.  Without  this,  the  Navy  cannot  take  full  advantage 
of  civilian  training  and  may  force  recruits  to  duplicate  training 
received  in  a  civilian  school.  Also,  more  flexibility  will  be  needed  in 
the  training  and  assignment  system  so  that  recruits  with  varying  levels 
of  skills  can  receive  the  additional  training  they  need  for  the  job  they 
will  have. 

Fourth,  the  Navy  may  have  to  develop  partnerships  with  2-year  schools 
to  ensure  that  courses  of  study  and  training  equipment  are  appropri¬ 
ate.  The  newly  created  Tech  Prep  partnerships  provide  a  model. 


Training 

Generalist  vs.  specialist 

Future  sailors  will  be  generalists  rather  them  specialists.  They  will  need 
to  know  the  theory  underlying  their  fields,  be  technically  literate,  and 
be  skilled  analytical  thinkers,  decision-makers,  and  communicators. 
They  may  need  to  be  cross-trained  in  several  different  areas.  They  will 
have  less  need  for  specific  training  tied  to  operating  and  maintaining 
one  piece  of  equipment.  All  of  these  factors  imply  that  future  sailors 
will  need  more  education  and  less  training. 

The  services  do  much  more  of  their  own  training  than  large  civilian 
employers  or  other  branches  of  the  government.  One  reason  for  this 
has  been  that  the  military  has  had  its  own  technology  and  practices, 
so  that  civilian  training  was  not  relevant.  Two  major  trends  may 
change  the  uniqueness  of  military  training  requirements,  however. 
First,  reduced  manning,  increased  commonality  of  systems  and  sub¬ 
systems,  and  technologies  that  require  a  “person-on-the-loop”  all 
point  toward  a  workforce  with  more  generalists  and  fewer  specialists. 
Second,  as  the  military  adopts  more  COTS  technology,  its  workspaces 
will  increasingly  resemble  those  of  businesses. 
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The  need  for  education  rather  than  training  and  the  decreasing 
uniqueness  of  Navy  training  requirements  both  mean  that  the  case 
for  in-house  training  will  be  weakened  in  the  future.  Two  alternatives 
to  in-house  training  are  outsourcing  and  hiring  already  trained  work¬ 
ers.  The  savings  from  a  reduced  training  infrastructure  will,  of  course, 
have  to  be  weighed  against  risks  that  the  Navy  won’t  be  able  to  recruit 
enough  pretrained  personnel,  that  military  acculturation  won’t  be 
sufficient,  and  that  the  training  won’t  fit  Navy  requirements  as  well. 

Training  technology 

Current  acquisition  programs  are  moving  as  much  as  possible  toward 
simulation-based  training  in  operational  units,  also  called  embedded 
training.  Embedded  training  is  seen  as  a  more  effective  way  to  train 
warfighters  in  a  dynamic  environment  and,  at  the  same  time,  a  way  to 
economize  on  the  Navy  training  infrastructure.  Engineers  are  also 
attempting  to  reduce  training  needs  by  developing  intuitive  inter¬ 
feces  and  intelligent  job  aids. 

Systems  are  being  designed  with  integrated  training  modes,  simula¬ 
tion,  and  interactive  HCI  to  support  both  individual  and  team  train¬ 
ing.  Advanced  embedded  trainers  include  performance  diagnostics 
so  that  weak  areas  can  be  identified  and  intensive  remedial  training 
provided.  Electronic  manuals  are  being  integrated  into  designs,  and 
advanced  learning  methodologies  are  being  exploited  so  the  right 
training  is  delivered  at  the  right  time  in  the  most  accessible  format 
[22]. 

One  advantage  of  embedded  training  is  that  it  reduces  the  need  for 
schoolhouse  training  and  thus  lowers  infrastructure  costs.  With 
reduced  manning,  however,  there  will  be  less  time  available  for  train¬ 
ing,  fewer  personnel  to  oversee  training,  and  a  greater  need  for  all 
personnel  to  arrive  fully  trained.  The  move  toward  embedded  train¬ 
ing  must  take  these  constraints  into  account.  In  fact,  the  Smart  Ship 
Project  found  that  additional  training  personnel  had  to  be  added  to 
support  reduced  manning  requirements. 

Other  advances  in  training  technology  will  also  be  needed.  For  sailors 
to  arrive  at  operational  units  fully  trained,  much  greater  use  must  be 
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made  of  shore-based  modeling  and  simulation,  interactive  video,  and 
virtual  reality  training. 

Loss  of  apprenticeships 

As  automation  replaces  routine  labor,  many  of  the  apprentice-level 
jobs  in  the  Navy  may  disappear.  This  raises  the  question  of  where  sail¬ 
ors  will  acquire  the  skills  they  now  learn  during  their  apprenticeship. 
Technical  skills,  such  as  engineering,  network  administration,  and 
computer  proficiency,  can  be  acquired  during  an  expanded  postsec¬ 
ondary  education.  Some  skills  and  knowledge,  however,  are  specific 
to  the  Navy  and  can’t  be  learned  in  a  community  college.  Examples 
include  tactical  decision-making,  Navy  practices  and  procedures,  and 
how  to  work  in  an  effective  Navy  team  [8] . 

The  problem  is  that  the  future  platforms  require  supervisors  who 
arrive  fully  trained  so  that  they  can  monitor  the  lower-  and  mid-level 
automated  processes.  Because  there  is  less  need  for  entry-level  per¬ 
sonnel  in  operational  units,  however,  some  other  means  must  be  used 
to  provide  learning  environments  so  that  less  experienced  personnel 
can  acquire  the  experience  they  need  to  become  fully  trained 
supervisors. 

If  the  apprentice  stage  of  training  largely  disappears,  the  Navy  will 
have  to  create  other  ways  of  developing  Navy-specific  skills.  Possible 
methods  are  formal  training  in  tactical  decision-making,  more  and 
better  simulators,  and  better  use  of  shore  tours  to  develop  opera¬ 
tional  skills.  One  mechanism  for  accomplishing  the  latter  is  to  assign 
people  to  readiness  centers  during  their  shore  tours.  There,  they 
would  continue  to  work  and  train  on  the  systems  they’ll  use  in  their 
operational  tours.  Another  implication  of  this  issue  is  that  the  train¬ 
ing  for  entry-level  personnel  must  be  funded. 

Navy  training  process 

There  is  some  feeling  that  the  process  to  create  and  modify  Navy 
training  courses  must  become  more  dynamic  as  the  rate  of  technolog¬ 
ical  change  accelerates.  Under  current  practices,  occupational  stan¬ 
dards  for  ratings  or  NECs  drive  the  Navy  training  system.  When  a  new 
system  is  introduced,  new  occupational  standards  must  be  drawn  up, 


then  new  curricula  can  be  developed  based  on  the  standards.  The 
process  can  be  quite  lengthy  and  time  consuming. 

On  the  DD  21,  there  may  be  a  need  for  one  “super”  electronics  tech¬ 
nician  who  could  operate  and  do  minimal  operational-level  mainte¬ 
nance  on  many  different  types  of  equipment.  One  rating  with  more 
general  skills  may  replace  people  with  maintenance  specializations  in 
several  ratings  and  many  NECs  would  also  be  eliminated.  The  current 
training  development  process,  geared  toward  training  for  narrow  spe¬ 
cialities,  would  not  necessarily  be  the  best  method  of  developing 
training  courses  for  generalists  who  arrive  with  significant  technical 
education. 

A  related  concern  is  that  under  acquisition  reform  detailed  man¬ 
power  requirements  won’t  be  available  until  later  in  the  design  pro¬ 
cess.  There  may  not  be  enough  time  left  to  use  traditional  training 
development  processes. 


Skill  vs.  rank 


In  our  discussion  of  career  structures,  recruiting,  and  training  for  the 
future  Navy,  it  becomes  clear  that  we  must  distinguish  between  skill 
and  rank.  Future  platforms  will  require  more  highly  skilled  sailors, 
but  not  necessarily  more  sailors  with  higher  rank.  In  putting  together 
notional  requirements  for  future  platforms,  it  is  tempting  to  make 
the  paygrade  structure  richer,  but  this  is  not  necessarily  what  should 
be  done. 

More  highly  skilled  sailors  have  more  technical  skills  and  probably 
some  postsecondary  education.  As  we  have  seen,  future  sailors  will 
have  to  know  the  underlying  principles  in  their  areas  of  expertise,  be 
technically  literate,  and  have  strong  problem-solving,  decision¬ 
making,  and  communication  skills.  Because  such  skills  will  also  be  in 
high  demand  in  the  civilian  sector,  the  future  sailor  will  have  to  be 
well  compensated. 

Many  of  the  future  sailors’  skills  are  general  in  nature,  rather  than 
particular  to  the  Navy.  This  has  two  implications.  First,  general  skills 
can  be  acquired  through  civilian  education  rather  than  through 
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Navy-specific  training.  Second,  someone  could  be  highly  skilled  in 
this  sense  and  know  nothing  about  the  Navy. 

Rank,  on  the  other  hand,  is  tied  to  acquiring  Navy-specific  knowledge 
and  experience.  With  rank  comes  command  authority,  and  the  only 
way  to  get  that  should  be  by  proving  one’s  ability  to  make  the  kinds  of 
decisions  that  go  with  that  authority. 

Separating  skill  and  rank  in  military  organizations  will  not  be  easy. 
The  two  concepts  are  closely  enmeshed  because,  in  the  past,  most 
skills  needed  in  military  units  could  only  be  acquired  through  mili¬ 
tary-specific  training  and  experience.  Even  paying  people  in  different 
occupations  differently  to  reflect  civilian  market  conditions  is  contro¬ 
versial.  Some  argue  that  the  morale  needed  to  fight  together  effec¬ 
tively  could  be  undermined  by  differences  in  pay. 

With  technological  change  altering  the  set  of  skills  that  sailors  need, 
and  with  the  proliferation  of  civilian  technical  postsecondary  school 
training,  however,  it  may  become  essential  to  make  a  sharper  distinc¬ 
tion  between  skill  and  rank.  In  particular,  a  skill-  rather  than  rank- 
based  compensation  system  could  alleviate  some  of  the  problems  with 
recruiting  highly  skilled  people  and  creating  force  structures  that 
aren’t  executable  because  of  rich  paygrade  structures. 

Compensation  strategy 

All  of  the  changes  discussed  in  career  structure,  recruiting,  and  train¬ 
ing  have  corresponding  implications  for  compensation.  The  compen¬ 
sation  challenge  in  the  future  will  be  to  attract  and  retain  a  highly 
skilled,  but  not  necessarily  high  ranking,  workforce.  The  compensa¬ 
tion  system  will  also  have  to  encourage  sailors  to  acquire  and  main¬ 
tain  needed  skills  and  to  fill  critical  billets. 

The  first  implication  of  a  workforce  with  a  higher  proportion  of 
skilled  technical  workers  is  that  average  pay  rates  will  have  to  increase. 
The  sailor  of  the  future  may  require  compensation  at  least  13  to  25 
percent  higher  on  average  than  today’s  sailor  [2] .  Any  calculations 
regarding  savings  from  reduced  manning  should  allow  for  inevitable 
increases  in  manpower  programming  rates. 
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A  major  hindrance  to  meeting  the  future  compensation  challenge 
may  be  the  military  pay  system  that  ties  pay  to  rank.  Some  future  sail¬ 
ors  will  have  to  be  highly  paid  because  otherwise  they  won’t  sign  up 
or  will  leave  for  attractive  civilian  opportunities.  One  way  to  increase 
the  pay  of  skilled  technicians  is  to  give  them  higher  rank,  but  that 
causes  problems.  First,  the  resulting  richer  paygrade  force  structures 
may  not  be  executable.  Second,  higher  rank  implies  greater  com¬ 
mand  authority,  which  may  not  be  appropriate.  Bringing  in  a  commu¬ 
nity  college  graduate  with  no  Navy  experience  at  paygrade  E5  might 
solve  the  compensation  problem,  but  it  creates  problems  in  career 
management  and  leadership. 

Another  way  to  compensate  skilled  technicians  would  be  to  use 
bonuses  and  special  pays.  The  drawback  of  this  solution  is  that  it 
would  require  pushing  SRBs  and  special  pays  to  unprecedented  levels 
and  even  then  wouldn’t  be  the  lowest  cost  way  to  construct  an  attrac¬ 
tive  compensation  package  [2] . 

Skill-based  pay 

A  more  innovative  approach  would  be  to  adopt  a  skill-based  pay  sys¬ 
tem.  Skill-  and  performance-based  pay  systems  are  becoming  increas¬ 
ingly  common  in  the  civilian  world  because  they  allow  the  employer 
to  set  pay  to  reflect  market  conditions  and  productivity,  creating  the 
right  incentives  to  attract  and  retain  the  best  workers.  Figure  27  shows 
a  hypothetical  skill-based  pay  scheme  for  the  Navy. 

This  system  has  three  skill  levels,  corresponding  to  high  school  grad¬ 
uates  in  low-skill  occupations,  semiskilled  sailors  who  have  completed 
some  training,  and  sailors  with  2-year  degrees  working  in  technical 
fields.  Entire  careers  could  be  completed  within  one  skill  level,  or 
movements  could  be  made  to  higher  skill  levels.  For  example,  a  new 
high  school  graduate  recruited  as  a  General  Detail  (GENDET)  sailor 
would  enter  as  an  El  in  Skill  Level  I.  He  or  she  could  then  progress 
to  higher  paygrades  in  a  low-skill  occupation,  or  opt  for  additional 
training.  Perhaps  after  an  initial  sea  tour  the  sailor  would  choose  to 
take  initial  skill  training,  provided  either  by  the  Navy  or  by  a  civilian 
institution.  After  training  is  complete,  the  sailor  would  move  up  to  the 
Skill  Level  II  pay  table  at  the  appropriate  rank. 
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Figure  27.  Skill-based  pay 
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On  the  other  hand,  someone  who  entered  the  Navy  with  a  2-year  post¬ 
secondary  award  in  a  relevant  technical  field  would  start  at  paygrade 
El  in  the  Skill  Level  III  pay  table.  They  might  spend  their  entire 
career  in  their  technical  enlisted  field,  or  decide  to  go  on  for  a  4-year 
degree  and  become  an  officer. 

If  the  services  will  be  recruiting  personnel  with  greatly  different  skill 
and  education  levels  (e.g.,  a  GENDET  who  is  not  a  high  school  grad¬ 
uate  vs.  a  dental  technician  with  an  Associate  degree),  compensation 
systems  must  recognize  these  differences  so  that  individuals  can  be 
recruited  and  retained  in  necessary  numbers. 

Retirement  pay 

The  current  military  retirement  system  was  also  designed  for  an  ear¬ 
lier  era  when  most  sailors  and  soldiers  had  used  up  their  strength  and 
vigor  at  a  relatively  young  age.  The  optimal  retirement  age  for  skilled 
technical  workers  is  likely  to  be  later  for  at  least  two  reasons.  First,  the 
jobs  are  not  as  physically  demanding,  and  workers  can  maintain  peak 


productivity  over  a  longer  period.  Second,  more  time  is  needed  to 
recoup  investments  in  expensive  training. 

Under  the  current  system,  people  who  pass  a  certain  number  of  years 
of  service  have  a  strong  incentive  to  stay  to  the  20-year  point.  After 
that  point,  the  incentives  change  dramatically.  Rather  than  these  arbi¬ 
trary  decision  points,  a  more  flexible  system  would  allow  the  Navy  to 
tailor  vesting  points  and  contribution  levels  so  that  incentives 
matched  optimal  career  lengths. 


Summary 

Technological  change,  coupled  with  changes  in  civilian  labor  mar¬ 
kets,  will  have  the  following  implications  for  Navy  personnel  policy: 

•  Manpower  requirements  will  no  longer  be  pyramids. 

—  Routine  tasks  will  increasingly  be  automated,  lowering 
junior  paygrade  requirements. 

—  Skilled  technicians  will  make  up  an  increasing  proportion 
of  the  force,  requiring  either  more  middle  paygrade 
requirements  or  a  skill-based  pay  system. 

—  Allowing  full  careers  without  moving  into  supervisory  ranks 
will  require  changes  to  up-or-out  policies  and  increases  in 
pay  not  tied  to  increased  rank. 

•  Recruiting 

—  Increased  use  will  be  made  of  recruits  from  less  than  4-year 
institutions. 

—  Accomplishing  this  will  require  higher  compensation, 
either  through  lateral  entry  or  pay  increases  not  tied  to 
rank. 

•  Training 

—  Future  sailors  will  increasingly  be  generalists  rather  than 
specialists  and  will  require  education  rather  than  Navy-spe¬ 
cific  training. 
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—  Technological  advances  will  mean  better  embedded  train¬ 
ing  so  that  more  training  can  be  done  in  operational  units. 
With  reduced  manning,  however,  this  may  require  addi¬ 
tional  training  personnel. 

—  The  loss  of  apprenticeship  tours  will  require  different 
means  of  acquiring  Navy-specific  skills  and  different  meth¬ 
ods  of  funding  this  training. 

—  To  accommodate  greater  generalization,  rapidly  changing 
technology,  and  new  acquisition  processes,  major  changes 
may  be  necessary  in  the  Navy’s  training  development 
process. 

Skill  vs.  rank:  New  manpower  requirements  may  necessitate  a 

clearer  distinction  between  skill  and  rank  in  setting  recruiting, 

training,  and  compensation  policies. 

Compensation 

—  Average  manpower  costs  will  increase  as  the  Navy’s  work¬ 
force  includes  a  higher  proportion  of  skilled  technical 
workers. 

—  Existing  pay  systems  don’t  support  the  need  to  set  compen¬ 
sation  levels  in  order  to  attract  and  retain  workers  with  high- 
paying  civilian  alternatives. 

—  A  skill-based  pay  system,  or  some  other  method  of  separat¬ 
ing  pay  from  rank,  should  be  considered. 

—  Retirement  incentives  should  be  changed  to  retain  skilled 
technical  workers  during  their  most  productive  years. 


Conclusion  and  recommendations 


Over  the  next  20  to  30  years,  profound  changes  will  take  place  in  military 
technology  and  the  skills  needed  to  operate  it,  as  well  as  in  the  civilian 
population  and  labor  force.  We  have  analyzed  how  the  type  of  sailor  the 
Navy  needs  is  likely  to  change  as  a  result  of  new  ship  and  aircraft  acquisi¬ 
tions.  We  have  also  analyzed  changes  in  the  civilian  population  and  labor 
force  that  may  affect  Navy  workforce  policies.  Combining  these  two  anal¬ 
yses,  we  then  looked  at  implications  for  changes  that  may  be  needed  in 
Navy  personnel  policies,  such  as  career  management,  recruiting,  train¬ 
ing,  and  compensation. 

An  early  conclusion  was  that  technological  advances  will  probably  require 
a  more  skilled,  rather  than  less  skilled,  workforce.  Also,  the  Navy  must  use 
care  in  automating  warfighting  because  routine  peacetime  tasks  can  be 
automated  more  easily  than  inherently  chaotic  and  complex  combat 
evolutions. 

The  types  of  skills  needed  by  the  Navy  enlisted  force  will  change  mark¬ 
edly.  Some  familiar  skills  will  be  needed  less  as  the  Navy  automates  rou¬ 
tine  tasks  and  information  processing,  as  maintenance  workloads  and 
watchstanding  requirements  decrease,  and  as  workload  moves  from  oper¬ 
ational  units  to  the  infrastructure. 

Sailors  will  need  new,  or  different,  skills  to  support  collaboration  between 
human  and  machine,  introduction  of  more  COTS  technology,  and  the 
development  of  generalists  rather  than  specialists.  In  almost  all  areas, 
including  combat  systems,  command  and  control,  engineering,  mainte¬ 
nance,  material  handling,  and  hotel  functions,  automation  will  have  pro¬ 
gressed  to  the  point  where  humans  are  overseeing  complex,  automated 
systems — providing  context,  coaching,  and  making  decisions.18 


18.  One  area  that  is  intrinsically  more  difficult  to  automate  is  Damage  Con¬ 
trol.  Unpredictable  manual  requirements,  the  need  to  address  multiple 
contingencies,  and  a  scarcity  of  commercial  applications  all  limit  the  like¬ 
lihood  that  technology  will  greatly  reduce  Damage  Control  manning 
requirements.  Because  Damage  Control  manning  is  a  significant  part  of 
shipboard  manpower  requirements,  this  is  an  important  limitation. 
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Given  these  trends,  we  see  a  growing  requirement  for  a  future  sailor 
who  is  a  skilled  technician.  These  future  sailors  will  understand  the 
general  principles  in  their  areas  of  expertise,  will  be  technically  liter¬ 
ate,  and  will  have  strong  problem-solving,  decision-making,  and  com¬ 
munication  skills. 

Changes  in  civilian  education  and  workforces  suggest  that  the  Navy 
will  have  access  to  a  larger  recruiting  pool  if  it  expands  its  market  to 
include  1-  to  2-year  postsecondary  school  graduates.  These  high 
school  and  postsecondary  school  graduates  will  be  increasingly  well 
prepared  and  technically  literate.  On  the  other  hand,  there  will  be 
stiff  competition  for  highly  skilled  workers,  so  that  the  Navy  should 
expect  to  pay  more  for  these  recruits. 

Finally,  we  conclude  that  future  manpower  requirements  will  no 
longer  be  pyramids  but  will  have  reduced  junior  paygrade  require¬ 
ments  and  increased  middle  paygrade  requirements.  A  number  of 
factors  point  to  the  need  for  a  clearer  distinction  between  skill  and 
rank;  in  particular,  skill-based  pay  structures  may  be  required.  More 
enlisted  recruits  will  have  some  postsecondary  education  because  skill 
requirements  will  be  general  rather  than  Navy-specific,  more  COTS 
technology  will  be  used,  and  more  civilian  institutions  will  offer  rele¬ 
vant  programs  of  study.  Training  will  change  to  include  more  embed¬ 
ded  training  and  methods  to  provide  the  knowledge  formerly 
acquired  during  apprenticeship  tours.  Average  manpower  costs  will 
increase  as  the  Navy’s  workforce  includes  a  higher  proportion  of 
skilled  technical  workers. 
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